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Hew ocecasions teach new duties; 
Time makes ancient good uncouth; 
They must upward still, and onward, 
Who would keep abreast of Truth. 
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PREFACE 


This report was undertaken primarily to synthesize the 
various Coast Guard management activitiern already independently 
underway but nevertheless related in the computer are. Computer 
impact may be indirect at times and, where direct, may involve 
other than Coast Guard computers, 

The presentation is from a management viewpoint. Hence, 
there is no detail about programming any computer and there is 
only a emaettering of mathematics and statistics which may be 
scannec quickly or omitted with but a small loss in depth of 
understanding. 

Ho similar report has been made, although some of the 
material in the chapter on Information Retrieval is taken from 
® paper previously prepared jointly with CDR Patrick Kennedy USN 
and LCDR Rex Hoffman USN. 

Many Coast Guard Personnel contributed to the study. 
Among thems CDR Urial H. Leach, Jr., CDR Philip A. Hogue, 

LCDR David M. Kaetzel, LCDR Ernest E. Rowland, Jr., LT Ciyde T. 
Lusk, Jr., LT John P. Skillings, LT Robert T. Getman, and 
Ensign John A, Densem. Miss Elizabeth A. Segedi of Coast 
Guard Headquarter's Public Information Division assisted in 
obteining many illustrations. Hrs. Gladys Shimasaki handled 
the typing chore. 


Ralph Judd 
Washington > D. C. 


June, 1964 
1i4 
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INTRODUCTION 


The distinguished scientist, George Gamow, relatea in 
his bestseller, One Two Three...Infinity, “that many (African) 
Hottentot tribes do not have in their vocabulary the names for 
nunbers larger than three. Ask a native down there how many 
sons he has or how many enemies he has slain, and if the number 
is more than three he will enswer ?many!,«+ At the Goddard 
Space Filght Center outside Washington, D. Cc. there are two 
7094 ISM computers which with their predecessors contributed 
greatly to the success of the Mercury project, with its six 
manned launchings; these computers determined flight traiectory 
parameters, the instant position of the spacecraft, future 
positions of the craft, and acquisition data for all of the 
sites around the earth. These computers, like most others, 
ean only recognize two numbers or symbols-<-"0" and "l"--and 
are called binary dirgital computers. 

This comparison of man and machine suggests thet man 
may be surpassed by the increasingly complex and sophisticated 
computer, The gap is closing fast and there may one day be 


thinking machines capable of heuristic problemsolving. 





George Camow, One ive Three...Infinity (New York: 
The Viking Press, Inc., rT) ahec as a Hentor Bock 
by the New American Library of World Literature, Inc., 1953), 
pe. 15. 
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Tremendous advances have been made in computer technolory in 
the past decade and accelerated growth can be anticipated, 

The armed forces of the United States are being directly 
affected by the development of computer techniques and are 
themselven contributing to the advancement of computer techno~ 
logy and applications. Computers and computer techniques «effect 
the military in a variety of ways; some of these applications 
are much the same as those used by business and those employed 
in education and research. The computer is used by the military 
for the routine precessing of administrative data of all types 
to facilitate decistone-making and record-keeping. The computer 
is used in Operations Research, in the application of the new 
management teehniques PERT (Program Evaluation Review Technique) 
and CPM (Critical Path Method), and in the solution of the 
Information Retrieval problem. Two applications of peculiar 
sirmnificance to the armed forces are in Command Control and 
Logistics Management. 

The purpose of this report is to show computer impact 
in Coast Ouard management areas and what may be expected in 
the future. To accomplish thin study, existing installations 
of computers were visited to rain information on their functions. 
Interviews were held with responsible and knowledgeable persons 
within the Coast Guard who will most likely implement chenres 
wrought by the advance of computers. Applications within other 
Federal agencies, especially the Navy, were observed snd 
studied with the idea that these uses may forecast Coast Guard 


utilizations. Current literature in the form of books, public 
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documents, periodicals, special reports, and some unpublished 
material was gleaned and perused. The resulting report is 
unique in that no like effort has been underteken and this study 
should be helpful in adding understanding and perspective to 
the cited and future Coast Guard endeavors, as well es serve as 
a framework fer planning and implementing further managerent 
innovations in the computer are. 

Chapter I is a quick survey of existing Coast Guard 
computer installations. Emphesis is placed on the uses being 
made of each equipment and also the expenses associated with it. 
Chapters II through VI treat, in order, the subject areas: 
Command Control, Operations Research, PERT and CPM, Loristics 
Management, and Information Retrieval. In keeping with the 
complexity of the computer age, it was found that complete 
reparation by subject was not possible but those which are 
used represent an optimized division. Most chapters start 
with a definition of the subject, followed by its development, 
reneral applications, and Coast Guard uses and/or anticipated 
involvement. Chanter VII is a brief summary coupled with 
some restrained crystal ball razing. The glossary ecntains 
definitions of acronyms and other ebbreviations found in 


the report. 





CHAPTER I 
EXISTING INSTALLATIONS 


Some computers are already in use in the Coast Guard 
and others are planned. At Coast Guard Headquarters there is 
an IBM 1410, shown in figure 1. It is located in the ADP 
(Automatic Data Processing) Division of the Office of the 
Comptroller. The 1410 is a solid state computer, meaning, that 
it uses transistors instead of vacuum tubes and because of this 
is also frequently referred to as a "second ceneration" computer. 
There are buffers, or storare devices, between the processing 
unit and the input and output equipment, permitting printing, 
reading, and processing to occur sisultaneoualy without mutual 
interference, 

The four large marnetic tape drives which are visible 
in the backrround of figure 1 provide high speed input and 
output as well as compact storage. One reel of the tape will 
atore the information ctherwise requiring 1/2 million punched 
ecards, which would fill the space of a standard file cabinet. 
Expansion is possible with this computer by adding additional 
units, and back-up equipment in case of failure is readily 
available in Washington, D. C. This computer ia also compatible 
with some others possesned by the Coast Guard and with those 
in the Treasury Departrent and in the Navy. 

h 








Fire lee IBM 2410 at Coast Cuard Headquarters 


The 1810 is newly inatalled and replaced a 305 systen. 
Rental expenses increased from $10,000 per month to $13,000. 
In accordance with the senerally recognized obfective that new 
installations should pay for themselves by increased workload 
and improved efficiency, the additional rental expense has been 
offset with a decrease in the number of personnel required in 
the Pata Processing Pivision. 

Many applications have been planned for the computer. 
There will be an integrated Personnel Accounting System in which 


all reguler, reserve (active and inactive), and retired 


a 





6 
personnel will be accounted for in a similar system. More data 
will be contained in individual records and summary records, 
resulting in improved personnel management. Payroll processinse 
will become more efficient since the speedy magnetic tape 
processing will allow later changes to be made in each account- 
ing period. One output of the syster will be new cfficer 
distribution control reports showing vacant billets, distribution 
by experience, and other information. A timely report will be 
prepared on enlisted personnel status and will be forwarded to 
each district, reversing current report procedure. The prepara~ 
tion of electronics inventories and analysis of failure reporting 
will be accomplished at Headquarters instead of at field units. 
A consolidated Aids to Navigation inventory will be prepared at 
Headquarters, as well as various reports connected with Aida 
to Navigation maintenance. Wastly, all presently executed 
reports continuing under the new system will be more timely 
and accurate contributing more to effective manasement. 

Also at Headquarters is an IBM 1620 paper tape aysten, 
shown in figure 2. This equipment is used by several divisions 
in a variety of applications. The flectronics Engineering 
Division analyzes the power output of Loran C stations to 
determine that transmissions are within the frequency ranze 
assigned. It is also used to calibrate Loran systems and 
equipment. Merchant Marine Technical Division employs the 
1620 for verifying the curves of form of new ships as part of 
the requirements prior to the issuance of a stability letter 


to the shipbuilder. Pipe stresses are also studied. The Naval 








Fig. AueeTi4 1620 at Coast Guard Headquarters 


Engineerins Division checks out reporta on torsional analysis 
on small boat shafts after the reports are received from a 
ecntractor responsible for redesign or new construction, The 
Aviation Units Division {5 investigating the correlation between 
pilot shortage and aircraft accident rate, Leasing costs are 
$1420 per month. 

Another 1620 wan recently installed for educational 
uses at the Coast Guard Academy in New London, Connecticut 
(fiirure 3). It differs from the Headquarters 1620 in that the 


Academy's 1620 employs a card-type system. The computer center 
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Pir, 3Je-IDM 1620 ot the Coast Guard Acadeny 


is organizetionally located directly under the Academic Pean 

end is available to al] depertments at the Academy. The 

system's principal purpose is cadet education in the applica- 
tions of computers te enpineerinr, science, management, and 

other disciplines. An important edjunct to this planned 
utilisation nas been the response from Academy instructors, 

area offices, nelrehborinrg collece faculties, anc locrl industrial 
leaders when computer courses have been offered at no cost tc 
these ¢roups. Taking advantare of a special 60% educational 


Giscount, the Coast Guard purchased the computer for $55,288. 
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It is the only computer owned outright bry the Coast Guard at 
the present time. Moenthly maintenance charges for this 
installaticon still total $256. 

In Baltimore, Maryland, at the Corst Guard Yard on 

Curtis Bay, there is located the I8M 1401 system shown in 
figure 4. Organizotionally under the comptroller, it performs 
® variety of taske which sre primarily of an accounting neture: 
Payrolling, Steck Item Accounting, Cost Accounting, Stock Class 
Accounting, Generol ledger and Subsidiary ledrer accounting, 
Commitment and Obliration Recercinrg, and Project Order 
EFatimating. Elrhnt personnel are assigned te perform the tasks 
connected with the computer and ite associated peripheral 
equipment. Material cost sheets and weekly cumulative cost 
renorts rare previded to the shipbuilders and toathuilders. 
Teasing and maintenance expenses for the system total $3,2°0. 
per month, 

In New York City is an IBM 305 RAMAC (Random Accéss 

Method of Aecounting and Contrel), shown in firure 5, which is 
used by the Eastern Arena of the Coast Guard for raintaininse 

the current positions of merchant ships in the Atlantic Ocean, 
{in connection with the program known an AMVEP (Atlantic Merchant 
Vissel Report). 

AMVER is a@ maritime mutual] assinatance program which 
provides important aid to the development and cocrdination 
of search and rescue (SAR) effarts tn the offshore areas 
of the North Atlantic Ocean, Caribbean Sea and Gulf 
of Mexico. . . . “erehant vessels of all nations... 
are encourared to voluntarily send movement reports to 


the AMVER Center, ... Inferrwmetion from these repcrts 
is entered into an electronic computer which renerates 





Rig, NenITP’ 1401 at the Coast Guard Yerd 


and maintains dend reckoning positions. ... 
Appropriate information concerning the predicted 
location and SAR characteristics of each vessel 
Known to be within the area of interest 16 made 
aveilable upon request to recornized SAR arencies 
of any netion, or persons in distress, for use 
during an emergency. 


The 305 plus associated equipment is leased for $6,230 per 
month. This computer ia scheduled to ve replaced by an IBM 1401 


system in January, 1965. 





lunited States Coast Guard, “Atlantic Merchant Vessel 
Report (AMVER) System," Proceedings of the Merchant Marine 
Council, Vol. 20, to. 2 (Yebruary » Pe Bd% 








Poe. SeenITBM 305 RAMAC at Eastern Area Headquarters 


A survey of Ceast Guard hardware would not be corplete 
without includine the IKM 403, shown in fipure 6. Althourh not 
properly called a computer, it in an Electrical Accounting 
MYWachine and will be perferming the automatic data processing 
in Coast Guard district offices for the immediate future. 
Varving in use from district to district, the 403 will be 
involved in these many activities: Feserve Personnel Aecount- 
ing, Plant Pronerty “ecords, Billing and Steres Accounting, 
District Personnel Locator File, Auxiliary "“lotilla Fembership 


Accounting, Reports of Assistance by U. S. Const Guard 





cs ~ ; , x 


9 7 , als. 
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Fig, Ge~-I8i% 403 Electrical Accounting Machine 


Auxiliary, FICA Ware Credit and Federal Ineeme Tax Peport, 
Personne Mobilization, Aids to Nevigation Inventory and 
Industrial Accounting. <A standardized format has beer stressed 
for mll input and output. This is necessary to echieve 
efficiency in the supply system for Coest Guard forrs and to 
simplify the development and publicetion of new and revised 
applications. Also, many of the punched cards which are output 
from the district systems will become input to the Headquarters 


computer system, The 403 end related equinment in each district 
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office will cost approximately $1000 per month. 

Studies are being made by tho Coast Guard for further 
utilization of computers in other Coast Guard applications. 

At the Aircraft Repair and Supply Base in Flizabeth City, North 
Carolina, a study is now underwoy towards defining the data 
processing requirements with a view toward replacing the 
present unit record equinnent with some type of electronic 
computer. Aboard the USCQC Everrvreen during the 1964 Inter 
national Tee Patrel season a POP-5 computer manufactured by the 
Digitel Equipment Corporation of Maynard, Massachusetts will 
check oceanographic data for validity as soon eas the measure- 
ments are taxen. Without air conditionine or other special 
protection, the computer will compensate for instrument errors, 
make necessary calculations, and recoré all] information on a 
paper tape which will be forwarded to compatible equipment at 
the Nationel Ocennorraphiec Data Center in Washington, D. C. 

for further anelysis. 

This conpendium of Coast Guard computer installations 
reveols the existence and contemolated acquisition of consider- 
able electrenic hardware. The days ahead will undoubtedly 
witnesga an increesing impact by this equipment in the areas of 
Command Control, Cperations Research, PERT and CPi", Logistics 


- 


Management, and Information Retrieval. 





CHAPTER IT 
COMMAND CONTROL 


Command Control is a "relatively new commonly used 
expression connoting the means by which the Naval commander 
controls his forces and weapons, gains and assimilates knowledge 
of enemy capabilities, and takes into proper consideration 
factors bearing upon these forces, These factors can include 
information concerning logistics, weather, cormmunications, 
intelligence and operations," 

The late President Kennedy first sounded the alarm on 
this subject in a special budget messave of March 28, 1961, 
when he ealled for "new euphasis on improved Command and 
Controle=-more flexible, more selective, more deliberate, better 


protected and under ultimate civilian authority at all times,"* 


Command Control activities can be subdivided into two 
large classifications--those systers termed "strateric", which 
encompass global information and strategy, and those termed 
"tactical", which relate to the immediate and small aree 
problems, Strategic and tactical have also been differentiated 


with the langruare that "strategic" are those matters relating 





iravy Management Review (June 1963), p. ll. 


“rpid., pe 4. 
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to an entire war while “tactical” are those matters relating 
to a particular battle. An artist's conception of one of the 
New Coast Guard 210-ft cutters is shown in figure 7. The 
deployment of this ship would be strateric; the action of the 
ship in contact with the enemy would be tactical. 

The Navy has established an office responsible for 
amassing the information related te the strategic aspects of 
Command Control. It is called the Naval Commancé Systems Support 
Activity (NAYCOSSACT). NAVCOSSACT was given the mission to 
support "the Chief of Naval Cperations, Secretary of the Navy, 
Secretary of Defense, Joint Chiefs of Staff and Commanders of 
major commands in the development and implementation of Navy 
sponscred command systems, including systems applications nnd 
techniques, standarcization, installation, evaluation, testing 
and computer programmings « . aa NAVCOSSACT, then, is pfoinge 
to be concerned with global atrotery and information and must 
consider politics, economics, shipping, and public opinion as 
well as military forees. ‘To accomplish its mission, NAVCOSSACT 
has organized three departments--operations research, systers 
research, and standardcization--and is now completing staff 
requirements. within the orranization rre two separate computer 
centers in Washington, Pp. C. 

A training development in Command Control has occurrec 
with the estahlishment of 2a Department of Defense Computer 
Institute. Providing orientation and computer corprehens ion 


courses, the Institute beran its first classes for generals, 





lrpid., p. 12. 
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Fig. Jaom2l10 Ft. Cutter 


admirals and civilian top manarement in April 1964. Later 
ccurses will be cpen to Colonels, Captains, and civilian 
counter-parts,. 

Stil] another aspect of the strategic Command Control 
is war games simulations. Sinee 1957, the Air Force has had 
the model called STAGK (Simulation of Total Atomic Global 
Exchange). The STAGE model 13 very larmwe, allowing for as many 
as 25,000 offensive vehicles, 1,000 offensive vases, 1500 
defensive bases, and virtually limitless defensive vehicles, 
Computationa involved are accurate and rapid, showing the 
results and interactions from decisions invoiving routes, 


losses of uircraft and weapons, deployment, evacuation policies, 




















17 
and other matter which would exist in a general war. 

The Navy is also involved with a simulator develonment. 
Sylvania Electric Products Incorporated was recently siven an 
$875,000 contract to develop a “real world problem renerator". 
The result is going to be a computer-—controlled display of an 
ASW (AntiSubmarine Werfare) cperation covering a 500 pile 
square of ocean area, All surface ships, planes, and submarines 
will be tracked, controlled, and displayed by the device. 

To cope with the Command Control problem of sualler 
scope--that related to the tactical situation--the Bureau of 
Ships of the Navy hase designed and developed what is called the 
Navy Tactical Data System (NTDS), which 1a shewn in figure 4. 
The system is designed for shipboard use, mainly for battle 
duties but also for routine ehinp-keeping functions, The total 
system involves a number of computers and is the logical 
successor to the Combet Information Center (CIC). Elements of 
a typical NTD System include the sensors which may be radars 
Or sonars, computers to store and manipulate the data, output 
Ginsplay equipment which may combine printing machines with 
scopes, and the necessary communication links. The accent is 
on speed and accuracy not only with regard to orders fron 
higher authority but also with regard to action following the 
acquisition of the contact. Accuracy in tracking has deen 
greatly increased and the "dead tine” between target actyuisition 
and attack bas been recuced, 

New epproaches will be made in the developrent and 


installation of the NTD and other systems. Active end passive 











Pig. Ge=eTypical Navy Tactical Pata Syster 


sensors which in the past have been added to a ship in piecemeal 
fashion will be interrated in the future with all shipboard 
aysterms. Oneration of this equipment will be kept sirple and 
repoirs will be kept to a minimum and will be made as easy as 
possible, 
Troubleshooting will be done by the machines 
themselves. The repairman's task will be relatively 
simple, and he merely will have to carry out the 


instructions generated by the machine after it has 
located its own trouble. 





1 Admiral William ?. Paborn, "New Moricons of Naval 
Research and Development," U. S. Naval Institute Proceedinrs 
(January 1963), p. 4A. 
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There will be increased emphesis on medular construction of 
electronic systems which will permit quicker repairs by 
module substitution instead of the usual component Ilccation 
and replacement. Already, on the new Polaris submarines such es 
the Lafayette employing the Mark 84 flre control system, the 
entire system is contained in A 23 by 21 by 6 1/2 foot compart- 
ment and is made of “building blocks" to facilitate installation 
anc maintenance, 

The computer hés great flexibility in Command Control. 
Integrated into ehipboard organization, it can control very 
complex weapon systers and other cperaticns. The variations 
du ite prograns sopear infinite, suggesting that the applica- 
tions of the computer in military operations are limitless. 
However, the point has been raised that although flexibility 
ia the source of the computer's strength, it can also be the 
source of weakness. Nothing can be done ty the computer that 
hes not been designed into its prerram, 

If we consider o computer-controlled, independent 
combat unit, we wonder what renius will be able to 
provide the machine with a program designed in rdvance 
to meet all conceivable combat conditions. Irarine, 
for example, & robot cembdbat unit attackea by an un~ 
conventional weapon (say a humen torpedo) after damere 
has already incapacitated part of the directing 
computer itself. The program would have to be 
flexible indeed to deal with the situation. Yet 

any human commanding officer wonld be able to take 


some sort of improvised action, in this or even 
less likely circumstances. 


But there may be a solution for this probler, also. It would 





lorederic G, Withington, “The Outcome of the Flectronic 
Revolution in the Navy," U, SS. iaval Institute Proceedings 
(November 1963), p. 69. 
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appear that small arms fire is in order and no computer has 
been designed yet to direct such fire. However, the Navy has 
issued a contract recently to the Pnilco Cornsoration to study 

a method of controlling machines by amplifying the electrical 
sirnal generated when the brain tells a muscle to move. The 
size of this signal is usually about 100 microvolts. The idea 
is to use devices attached to the skin to pick up the pattern, 
amplify it, and use it to control mechanical devices which 
could include rifles and machine guns. Along this same line 
the Sperry Gyroscope Company has already patented a "bio- 
operated" system for controlling a space vehicle during takeoff 
and reentry when the estronsut cannot move because prravity 
forces are 90 greet. So ® selution may be forthcominsr fer the 
unexpected and unlikely appearance of e human torpedo. The 
next step would be to substitute a device similar to an optical 
scanner for the shipboard man involved, yielding a cespletely 
robot combat unit. 

Also in the area of tactical Command Control, attention 
is teing given to two new navigation techniques designed to 
pinpoint the position of ships at sea in ell kinds of weather. 
One system involves satellites orbitting the earth; the 
transmitter station, being built in Minnescta, wil] receive 
data from a computing center ond pass it on to the navigational 
satellites when they pass near the station. The satellites 
will store this data, which are predictions of the satellites's 
positions throughout their orbits and later the sateilites will 


transmit the information to the ships at sen so they may 
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pinpoint their positions. This system will be useful to all 
mariners, since the only enquinment required will be a radio 
and a cleex.,. Presently, however, the computer proLler of 
correction due to satellite velocity and altitude variation 
are wignifiecrantivy delaying practical use of this tyne of 
navigation. 

The second system of navigation, called "doppler sonar 
navigation", involves the transmission of very accurate sonar 
denams from beneath ma shin fn four different directions 
Simulteneously; the beams sre reflected back from the botton 
of the see or bay. By means of the echoes received, 2 conputer 
unit on board the shin will plot continuously the position of 
the vessel on e@ naviration chart. This syster ia of especial 
interest to the Coast Guard beenaure of its potential anpnplica- 
tions in the areas of Oceanorranphy and Aids te Neviration. 

Another area of Command Control which is rece! vine 
increasing attention is the autoraticn cf merchant vessels. 
Concern is twofold, since not only is it likely that wany of 
the features of these ahins will become stancare equiprent on 
cutters but alirzo the Ceast Guard 58 charged with responsibility 
for maritime safety. In February, 1963, the Commandant said: 

The Coast Guard is aware of the mounting interest 

in the possible automation of merchant ships. 

Te assist in the gathering of meaningful, factual 
data upon which reasonable predictions may be made of 
the imnact of automation, we are furnishing to the 
Shipboard Mechanization and Manpower Committee of the 
National Acadery of Science all infcermation avallable 
from our records. 


Being the principal agency concerned with maritime 
safety, we will, of course, keep current with developments 





ce 


in this fleld so that reasoneabise and udequate 
standards of safety may be maintained. 


The leunchings of the Mernacarco in Janupry, 1964, and the 
Formacvera in March, 1964, ushered in the era of the pushe 
button shin. Notable charactertinstics of the ships include: 
pilct house coentrel of the enrines; aquickeactinzg hydraulic 
hatches for holé covers; electrenics equipment to display at 
control paneis the existing terperatures in refrirercted 
compartments; automatic control cf bollern; slectric winches 
to automatically maintain censtent tension on recrins lines; 
an enrine roer electranically operated by two men at © central 
central nanel,. 
These necorplishments are only the herinnine etens 
in the march toward autonmotion. 
Cn the drawing boards noweefor use by 1970-- 
are such things as gas turbines, which would eliminate 
the need for hoilere and burners new used in a stenm 
plant and cut manpower requirements even further, 
The cormruter alse is forring inte shipbutidine 
plans. The Norden division of United Aireraft Corp. 
42 now testine the use of a "eourse computer” on on 
ocean freighter, It's @esirened to compute a bearing 
hetween one noint and snother as ruch as 1,000 miles 
away and give av constant stream of information on 
course, speed, and estirated time of arrival, The 
device~--only 12 inches hirh, 22 inches wide and 15 
tnches deen--would take over manv of the functions 
now performed by men on the bridre.<é 


Other nations moving rapidly toward automated merchant marines 





1 dwiral Ee J. Koland, "A View anc Review of Siaritime 


Safety," Proceedings of the Merchant Marine Council (Tebruary 


1963), Pe ede 


John D, Williams, "U. S. Flap Lines Turn to Automation 
in Effort to Become Competitive," The Yall Street Journal 
(March 25, 1964), p. 1. 
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with such ships already in operaticn are Japan, West Germany, 
and Norwsy. 

Sponsored jointly wy the Ship Researeh Institute of 
herway and the Division of Automatic Control at the Tecnnical 
University of Norway, a report entitled "Computer Applications 
on Hoard Herchant Shirs"” has been prepared by Leif i. Solsnaes, 

A gsurvey is given of possible Gigital cemputer 

applications for supervision, control and varicus 
data processing purposes en board merchent ships. 


The major motivation for introduction of 8 computer 
in this fleld is to gain greater returns of ships 
in terms of safer enepat ton of propulsion systen, 
safer conductance of ship and better econecry of 
sailing and shin operation. 

All computer applications are assumed to te 
performed on time-sharing basis by one centrally 
located computer, and all programs are assumed to 
be prepared in advance. 

The computer procedures in connection with 
continuous sunervision and control are assumed to 
be executec connletely nutomaticaliy, while the 
procedures that are aalled cn by the eperatecr moy 
involve manuel selection of prograrns and entry 
of data,i 


The central comruter torether with some of its inputs and 
outputs is shown in firure 9. Sore cf the mafor finiines 
resultine from this study ere abstracted and rresentec in the 
succeeding pararrarhs, 

At the nresent time there are many rwathermatical problezs 
solvec by personnel] on the bridge in connection with the 
navigation of a shin. The computer could be cennectec to 
the radar and en arbitrary clesest pcint of approach for 


contacts indicated, When enother ship is computed to pass 





Leif 8B. Solanses, Computer Applications on Board 
Merchant Ships (Trendheim: June SOT). Bs Va 
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within that distance, data could be fed to elarma, cisniays and 
recorders. Outputs of Decena, Loran and ainmilar ofds to navira- 
tion could be transforred by the computer and autoratically 
Dlietted. Continucus innut from the apeed lor and ryrocompass 
eould result in @ continuous dead reckoning position usodated 
with each new fix. The cemputer eculd eccurately and rapidly 
process celestinl data vieldine lines of nosition free fron 

the approximations inherent with ranus] methods. Date now 
stored in tables could te stored in the computer or computed 
when needed. The computer could be usec te cormrare the actual 


route with the preprorrarrec reute. Fteerine inforration to 
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automatically correct for wind and current could be fed to the 
autopilot. Most of these navigational chores are presently 
performed by officers, and the computer woulc increase 
efficiency as well as safety. 

weather routing is another area where the processing 
of much data could be efficiently dene by the computer. The 
procedure involves tne determination of a "least time track" 
from weather forecasts and ship's speed, as a function of ocean 
ana weatner conditions. In adaition to the benerit of minimun 
salling time, there are the secondary gains tn less eargo and 
huli damage @8 weli as incrensed passenger comfort. weather 
chart information could be entered into the computer throuprh 
automatic curve reading equipnent. Other information to be 
used would be ship's speed, wave height and direction, fuel 
price, efficiency of propulsion system, hull and propeller 
Geterloration, cargo characteristics, and depth, trim, and 
atability data. ‘The output of the conputer would be the 
optimum route. 

There are ® number or computer applications that 
might be possible in the shirts engineroom, The computer might 
be used in data logging and processing and in this connecticn 
would collect data for legal uses, breakdown studies, improved 
operations, propulsion system efficiencies, fuel flow calcula- 
tions, hull deterioration studies, and design enalysis. 
Contributions to safe operation could be made by automatic 
monitoring of engine room activities, stopping equipwent when 


offenormal situations are detected, and periodic testing of 
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spare equipment. Control applications such m® control of 
turbine-boiler systems on steam turbine ships are also 
engineroom uses for 2 conuputer that could be designed into a 
ship. 

On aeeck the computer could calculate carro distribue 
tions, could menitor stresses in the hull, and could handle 
the accounting necessery in connection with the carro, payroll, 
and consumables, 

Whether the consideration is strategical or tuctical, 
whether the Commanc Control involves one ship or many, the 
modern solution to the ancient problem is going to involve 
computers, Speed and accurtcy in the counmunication loon are 
Gesirable in peacetime and are mandatory curing an emergency, 
The battle for New Orléans was fought days after the War of 
1612 had endee. Such a lapse in communications rerardcine 
Cormand and Control is unthinkable now, When the late President 
Kennedy recommended new command posts and communications centers, 
he pointed out that these were only the berinning of # major 
“effort to achieve a truly unified, nationwide, indestructible 
system to assure highelevel command, communications and control, 


anc a properly authorized response under any cenditions."+ 





Jyiawy Manererent Yeview (June 1963), 7, 4, 





CHAPTER III 
OPERATIONS RESEARCH 


Since Operations Research is still in the development 
atage, no definition satisfactory to everyone has yet evolved. 
However, there is general agreement that Crerntions Research (CR) 
is the use of the scientific method applied to operational 
problems to previde quantified elternatives fer management 
Gecision, The technique leans heavily on logical analysis 
and quantitative methodology. Obviously an important aspect 
of the endeavor is the scientific method. 

Very briefly, the satfentific method consists of 

seven basic steps: (1) observation and reneral 
survey of the problem area, (2) definition of the 
problem, (3) fact finding, (4) analysis of the data 
end construction of a model, (5) comparison of the 
model with observed data, (6) repetition of above 


steps until a satisfactory model is constructed, 
and (7) use of the model to forecast.1 


The model is usually a mathematical model and so is most 
frequently an equation or formula. 

The OR approach to problems includes the followings 
features: (1) emphasis is placed on the whole-istic approach 
in that all elements related to the problem area under study 


are considered, (2) OR is adaptable to any organization, 





leiifford J. Craft and David B. Hertz, “Management 
Research," Systems and Procedures, ed. Victor Lazzaro 
(Englewood aksace Hew Jersey: Prentice-Hall, Inc., 1959), 
p. 406, 
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(3) the study is undertaken by a team of specielists representine 
economics, science, engineering, or any other disciplines that 
might assist in the problem analysis, (4) objectives and 
limitations are ineluced in the study. 

OR has found application to a variety of basic types of 
problems. Allocation problems involve the different combina-~ 
tions of resources that are possible to produce different 
combinations of products. Inventory problems deal with minimize 
ing inventory costs and hence are concerned with a number of 
variables: production run sizes, customer loss, quantity 
purchasing and material shorteres. Replacement problems are 
eoncerned with balancing costs between buyins new equipment 
and using old equipment with decreasing efficiency and increas- 
ing meintenance costs. Waiting-time problems involve the 
eosts and inefficiencies inherent where lines must form and 
wait to recelve a service: supermarket customers, cars at 
service stations, busses at terminalis, hospital patients, 
and many others. Competitive probleme frequently employ 
“rtame" models and deal with situations where an executive's 
G@ecisions must consider the actions of competitors such as & 
decision te lower the price on a product. 

All of the above situations involve a balancing 

of two or more conflicting or competing factors. 

The problem is to develop a stratery that maximizes 
results as measured by such odfective criteria as 
profits, costs, output, and time. “The prototype 
models that have been developed can be helpful in a 
number of directions. Some of them... can be 
adapted to actual planning voroblems with modifications. 
Inventory and allocation modeis have been more useful 


in this reapeect than have the other types. Nedels 
can also be used to train executives and operations 
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research specialists. They help define the nature 
of the planning problem even when they cannot be 
Girectly used to solve it, For example, competitive 


or "game" models give the neophyte insights that may 
be helpful in solving stratery problems,1 


To accomplish the required measurement and analysis, 
anunber of procedures, techniques and theories have been 
developed. The following are some of these approaches to the 
OR problems: probability theory, sampling theory, queuing (wait- 
ing line) theory, linear programming, marginal analysis, total 
system costing, flow process analysis, matrix of variables, 
dynamic programming, simulation, and network theory. A 
succeseful solution will probably involve the use of one or 
more of these tocls. 

Although OR had its beginnings around World War II, its 
extrebely extensive and successful development followed in the 
wake of computer technology progress. High-speed electronic 
data processing provides rapid solutions to complex mathematical 
problems that in the past could not be solved in time for the 
information to be of value to manazement. The cost of computer 
processing is also inexpensive compared to alternative methods 
and so more quantitative intricacies can be programmed into 
soluticns with a small edditional outlay of time and money. 

OR concentrates on long-range planning and has been 
applied in many industries including: cherical, electrical, 
machinery, food, metals, utilities, and transpertation companies. 


Areas of application, in addition to long-eranre planning, have 
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been preduction, sales and marketing, inventory control, 
advertising, personnel, and purchasing. Achieverents resulting 
from OR will most likely be evident in three catervories: 
(1) immediate alternatives offered in a particular problen, 
(2) improved methodolories for future operations, and 
(3) more knowledgeable management. 

Suceessful applications of OR have not been limited 
to industry. The Department of the Alr Foree reports substantial 
progress with its war gaming models. 


During the past 10 or 12 years there has been an 
increasing requirement for estimates of the effects 
of various decisions on the outcome of a general war. 
These decisions involve, among many other factors, 
the planning of missile and manned bomber mixes and 
deployments, base hardening or evacuation policies, 
weapon stockpile confirurationsa, the use of decoys 
and other aids to minimize losses of aircraft and 
weapons, and the selection of aircraft routes and 
target bombing syatems. On these and numerous other 
questions, alternative courses of action are weirched 
against each other in terms of their effects on the 
air battle. 

The use of the computer has permitted the human 
players to focus their attention on the details of 
planning the offensive strikes and interpreting the 
results. iy using the computer in its proper role, 

a wide range of situations can be examined and analyses 
made in very little more time than previously required 
to make a single examination. The net result of these 
war games has enabled the Air Farce to improve their 
planning for the future environment by selecting better 
courses of action among a multitude of variables, which 
are constantly changing. 


The Const Guard has recently become involved in 


Operations Research. The Secretary of the Treasury, the 
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Honorable Douglas Pillon, wrote in the forward to U. 5. Coast 


Guard a study of its origin, responsibilities, relationships, 
end direction: 


Ever since assuming my duties as Secretary of the 
Treasury in January 1961, I have been concerned about 
the oritical problem facing the United States Coast 
Quard because of the cbsolescence of much of its equip- 
ment and facilities. <A review of lonreranre requirements 
for vessels, shore stations, and airoraft indicated a 
need for a phased program of capital expenditures totaling 
more than $1 billion in order to provide adequate opsrat- 
ing tools for the men of the Coast Guard. 

XY concluded that & comprehensive study of the Coast 
Guard’s roles and missions, torether with a review of 
existing policy and operational guidelines, would be 
helpful in deciding cur course of action. Accordingly, 

a study of the Coast Guard's 10 major missions was begun 
by an inter-agency rroup composed of experts from the 
Bureau of the Budget, the Department of Defense and the 
Treasury Department. This study, lasting 8 menths, was 
coneluded in June 1962, and resulted in 80 recommenda- 
tions. I have now directed that action be taken on 76 
of them. 1 


One of the recommendations which resulted from the roles ané 
missions study was this: 
An operations research study be conducted for use 
by the Coast Quard in developing a coordinated long 


range plan for total mission accomplishment as a logical 
eperational planning step. 


Out of this recommendation grew a report entitled The Applica- 


tion of Operations Research to Management and Planning Problers 
of The United States Coast Guard, It was compiled ty a con- 


mercial firm called Managenent Technology, Inc. and was prepared 





uM 
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of its oriwin, responsibilities, relationships, and direction, 






9 Pe 
“management Technology, Inc., The Application of 
Operations Research to Manaerement anda Planning Preblems of the 
United States Coas var ashington: by e author, 1% . 


De “Le 





32 
for the Chief of the Commerce and Finance Division of the 
Bureau of the Budget. 

The report is preliminary in nature in that 1t is not 
the result of application of OR but merely studies the pessi- 
bility of OR application and makes recommendations. The study 
first considered backsround information. The objectives of the 
Coast Guard were caterorized into two najor rroupings-~-those 
mission ortented and those longs ranre planning oriented. The 
ten missions to accomplish the objectives were delineated: 
Search and Rescue, Aids to Navigation, Law Enforcement, Military 
Readiness, Merehant Marine Safety, Reserve Training, Oceano 
grephy, Icebreakins:, Ocean Stations, and Port Security. Coast 
Guard resources, some of which are shown in firure 10, were 
determined to be: vessels, boats, aircraft, and other major 
equipment; officer, enlisted and civilian manpower; shore 
facilities; command and control systems; and funds. The organi- 
zation by districts, the measures of performance to determine 
leveis of effectiveness, and recent growth demands on existing 
resources were also noted as being simnifiecant factors affecting 
the study. 

The approach to the study included interviews with 
Coast Guard Personnel at Coast Guard Headquarters, Eastern Area 
offices, Third Coast Guard District offices, Sandy Hook Life 
Boat Station, Base 5t. George, and the Brookiyn Supply Center. 
More data was acquired from these units by collecting copies of 
reports, forms, and previous studies. Potential problem areas 


were identified in this manner and edded to the problems which 
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had become apparent from previous Coast Guard and Treasury 
Department studies. The third method of hunting for froblems 
was to examine Coast Guard operations, keeping in mind OP tools 
which had a record of success in similar applications. 

The outcome of thia survey was the identification of 
eighty-@irht problems of a management and planning nature within 
the Coast Guard. These were grouped by the ten mission cate-~ 
gBories and four newly-created management caterories: Command 
and Control, Logistics, Administration, and Long Range Planning. 

In the analysis of these eighty-eight problems to select 
potential OR projects, three basic requirements were used: 

(1) Projeots should provide for the development of the Coast 
Guard's own OR capability, (2) Projects should be meaningful-~- 
having sipnificant potentiality for the inproved utilization 
of resources and/or services rendered, and (3) Prejects should 
contribute to an improved planning and management control 
capability within the Const Guard, 

Finally, definite criteria were established to control 
the selection of projects: (1) potential benefits fren 
decreased costs end/or increased services, (2) cost to conduct 
project and implement and operate resulting system, (3) time 
lar between project completion and realized benefits, (4) suc- 
cess potential of the project, (5) extent of the probler 
throughout the Const Guard, and (6) avoidance of duplication 
between CR projects and extant endeuvors. 

Yrom these efforts the following twenty-five potential 


GR projects were identified: 
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SEARCH AND RESCUE PROJFCTS (4) 


MISSION AND RESPONSE TIMES FOR SEARCH AND RESCUE 
OPERATIONS: To determine missicn and response times for 
such operations using existing criteria and date and 
develop a method for reducing these time spans, thereby 
improvine effectiveness. 


PLEASURE BOAT INCIDENTS: To determine the expected 
number of pleasure bost incidents relative to the reorrachic 
location and physical density of these vessels. 


SEARCH TECHNOLOGY DEVELOPMENT: Ta develop inmnroved 
concepts of search technology and to determine coste- 
effectiveness benefits. 


SEARCH AND RESCUE TRAINING: To develop @ system for 
measuring performance in search and rescue exercises and 
relate exercise nerformmance to expected level of mission 
accomplishment. 


OCEANOGRAPHY PROJECTS (1) 


OCEANOGRAPHIC RESEARCH: To determine the parameters 
of the Coast Guard's own oceanographic programs in both 
cost and effectiveness terms as this effort relates to 
the nation’s ovemall Soeanographic Pesearech Prorran,. 


MILITARY READINESS PROTECTS (1) 


MILITARY OPERATIONAL CAPABILITY: To determine the 
military operational capability of the Coast Guard for 
military actions which mirht occur in the 1965-75 decade. 


LAW ENFORCEMENT PROJECTS (1) 


PESOURCES ALLOCATION: To develop performance standards 
and to determine the optimal allocation of law enforcement 
resources based upon these standards. 


AIDS TO NAVIGATION PROJECTS (1) 


SPACE AIDS TO NAVIGATION: To analyze the future impact 
of space aids to navigation on maritime operations and 
measure the benefits anticipated in both cost and operae 
tional terns. 


KERCHANT MARINE SAFETY PROJECTS (4) 
MERCHANT VESSEL TRAFFIC CONTROL SYSTEM: To determine 


the advisability and feasibility of merchant vessel traffic 
control in harbors and their approaches. 
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MERCHANT MARINE SAFETY PROJECTS (Cont.) 


COMMERCIAL FISHING VESSELS REPORTING SYSTEM: To 
Getermine the feasibility and practicality of developing 
and implementing a commercial fishing vessel reporting 
system similar to the merchant vessel reporting systen 
(AMVER). 


DANGEROUS CARGO OPERATIONS: To develop a syatem 
utilizing automatic date processing equipment and capable 
of being upedated which will compare the cost of alternative 
methods of cargo handling and storage with the relative 
costs of potential disasters, 


COMMERCIAL FISHING VESSEL AND DIESEL TUG REGULATION: 
To determine the feasibility and cost of extending merchant 
vessel marine safety regulations to commercial fishing 
vessels and diesel tums and to determine the cost-effective- 
ness benefits to the Coast Ouard and to commercial firms. 


ICE BREAKING PROJECTS (1) 


LCOHOHMIC BENEFIT OF ICE BREAKING: To develop a method 
that will determine and measure the economic impact and 
benefits to be derived by the shipping industry from ice 
breaking activities of the Coast Guard. 


COMMAND AND CONTROL PROJECTS (1) 


INTEGRATED MANAGEMENT INFORMATION SYSTEM: To develop 
a management information system that satisfies in an 
optimal manner information requirements and reduces data 
volume to a useable level. 


LOGISTICS PROJECTS (2) 


LOGISTICS MANAGEMENT SYSTEMs To develop an improved 
logistics system for the economic ordering and inventory 
control of required eupplies. 


AIRCRAPT MAINTENANCE SUPPORT: ‘Yo determine the level 
of aircraft maintenance and loristiecs support required 
to attain prescribed operational levels, 


ADMINISTRATION PRCELEMS (2) 


MULTI@-AGENCY INSPECTIONS: To cevelop a method for the 
interration of multiple inspection services performed by 
public and private organizations on numerous aspects of 
the Merchant Marine, with a view to the attainment of an 
economic and effective consolidated inspections prorran, 
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ADMINISTRATIVE PROBLEMS (Cont. ) 


MERCHANT CRR@ FPECORDS MAIRTEHANCE SYSTEIi2 To devalop 
an improved system of merchant crew records handling and 
determine the cost~effectiveness benefits that would result 
from this improved method. 


LONG RANGE PLANNING PROJECTS (7) 


LONG RANGE PLANNING SYSTEM: To develop a system model 
suitable for use in solving long range planning problems 
in the Corst Guard. 


PERSONNEL UTILIZATION PROGRAM: To develop an isrroved 
method for cetermining perecnnel training and assignments 
with such needs serving as a guide for recruitment and 
career planning. 


EVALUATION OF MEDICAL SERVICES: To study the existing 
method of providing medical servicee and to determine 
whether an improved pattern of service--considering the 
number and location of personnel covered--~can be developed. 


REQUIREMENTS PLANHIWHG FOR MAJOR RESOURCES: To improve 
current methods for requirements determination. Throurh 
an analytical OR evaluation of needs, develop methods for 
total requirements programming with adequate cost 
Sustification. 


AIRCRAPY UTILIZATION: To develop criteria for the most 
effective utilization of alrcraft in a number of mission 
areas with particular reference to overeall mission require- 
rents and anticipated technological changes in equipment. 


CCAST GUARD RESEARCH AND DEVELOPMENT CAPABILITY: To 
Getermine the cost and effectiveness benefits that might 
de obtained from a Coast Guard research and development 
program of a comprehensive mission-supporting nature. 


OBSOLESCENCE OF MAJOR RESCURCES: To develon a method 
of anticipating the obsolescence of major resources with 


consideration given to the determining of adequate cost- 
effectiveness justifications.2 


Prom this list of twenty-five projects the study went 


on to select four which appeared to be most suitable for an 





lvanagonent Technology, Ine., The Application of 
Cperations Research to Manarerent and PTanntne Probiens of the 















35 
initial program of Coast Suard Operations fiesearch: (1) A Long 
Range Planning System, (2) Major Resources Replacement Policy, 
(3) Personnel Utilization Systew, and (4) Multi-Agency Inapec- 
tions Study. Further detail was then presented about these 
four projects including information on objectives, procedures, 
and benefits, 

A close look at the relationship between missions and 
resources resulted in the ehart in figure 11, Management ust 
properly slice the resource cake to be consumed by the missiona 
and do it successfully year after year, The division is not as 
neat and orderly as susgested by the chart and the desired 
balance among the three components is hard to come by. Cone 
sideration was civen to the environment within which Coast Guard 
planners must function. ‘Seasonal workloads complicate the 
aiready recognized provlem of increasing demands for Coast 
Quard Services, Technologicai advancement constitutes a two~ 
edged sword which lessens the Gemand for Coast Cuard services 
in some areas such as commercial plane ditchings and at the 
same time quickens the pace of obsolescence of Coast Guaré 
equipment, Thus, the environment of the Ceest Guard planner 
is both complex and ever changing. 

Against this background Management Technology Inc. 
considered the four initial OR profects. The first proposal 
encompassed the establishment of e long ranre planning system 
on which progress was recommended step by step: (1) Systen 
Design and Peseription, (2) Pilot Application to one Coast 


Guard District, and (3) Implementation of the Total System. 
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MAJOR TASK OF MANAGEMENT I$ TO: 


ALLOCATE RESOURCES Ii! A BALANCED MANNER 
TO DEFINED MISSIONS 


In Proper Lead Time 


To Achieve Specified Perf Goal RESOURCES 
0 Achieve Specified Performance Goals eee 





Pir, lles4issions and Resources Related in Time 


The lonr range pnlannins system in oreration is shewn in ficure 
12. Simulation of a small portion of the “real world" would 
be accomplished by prorranmning a computer with all appropriate 
information related to e Coast Guard Pistrict's operations. 
Various new sugeestions in alternative form could then be tested 
in this model to determine effects which might result with the 
actual implementation of the changes in the "real" Coast Guard. 
The study of the major resources replacement policy is 


another of the initial projects, and the procedure would be: 
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(1) data collection, (2) rodel building, (3) data analysis, 
and (4) formulation of an optimal solution. fA tctal cost 
approtch te the problem fs contemplated, and factors involved 
in the proposed model would include: cost of operation of 
maintenance for and investment in a riven vessel, probability 
of saving, vessel and cargo by Coast Guard vessels of specified 
capability, value of vessel and carge saved, total vessels in 
Coast Guard fleet, salvage value of CG vessels retired during 
the plenning period, anc total years in the planning period, 


The result of thie study would be substantial. 
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The benefits to be derived from this proposed 
model would include a determination as to the total 
system costs for different replacenent policies; the 
assessnent of the desirability of adding vessels with 
new capabilities to the Coast Guard's fleet; the 
potential reduction in fleet size made possible by 
increased vessel capabilities; the cost to be anticipated 
for keeping obsolescent equipment in service; and the 
basing of new requirements requests more on a returneon- 
investment concept then on a serviceable life concept. 1 


The establishment of a personnel utilization system 
would be the third project in the initial program, Subjects cf 
study would be: billet forecasting, relative sizes of officer, 
enlisted, and civilian COQ manpower, career planninr, vrosjected 
personnel costs, reenlistment trends with ressons, potentinl 
tradeoffs in manpower types. The resultant benefit contemplated 
is improved decision-making cue to more accurate and timely 
information. 

The fourth preject would be the study of the many 
agenetes and the inspections they conduct in connection with 
the many phases of the shipping industry. Involved are fourteen 
agencies of the Pederal government as well as eight private 
organizations. The result would be a combination and reduction 
of these many activities associated with the extensive group of 
agencies. Money would undoubtedly be saved not only because 
of a reduction in inspection personnel required but alse by 
freeinz vessels for more profitable utilization. 

From this study by Manarerent Technology Inc. of the 


application of OR to the Const Quard there have already evolved 
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significant consequences. The report has been approvec in 
principle by the Uureau of the Budret, the Treasury Department, 
and the Coast Guard. A Pianning and Cperations branch has 
been establishes in the Program Analysis Division of Coast 
Guard Headquarters. Several of the projects have already begun 
and $250,000 has been ineluded in the 1965 budret to cover the 
cost of technical assistance required for the recommended 
initial four projects, “The Coast Guarc has undertaken Cpera- 
tions Nesearch in a substantial manner, anticipating success 
with increased efficiency and economy resulting from inuproved 
manare ment, 

Other investigations of smaller magnitude in the area 
of Operations Resenrch are being conducted by other orpraniza~ 
tional units in Coast Cuarde Headquarters. The Flight Safety 
Branch of the Aviation Units Division in the Office of Cpera- 
tions is conducting a study to determine if e relationship 
exists between pilet shortages and the rate of aircraft 
accidents. Preliminary results are shown in the graph of 
figure 13. Known data for past years is used to dcetermine 
three plots: pilot shortages versus time, accidents versus 
time, and accident rate vorsus time, 

From the plots it would appear that there is a close 
relationshio between the shortare of pilots and the rate of 
eircrart accidents. ‘Sith the data fcr both curves for nine 
years a coefficient of linear correlation has been calculated 
with the 1620 computer at Headquarters, The number of pilots 


for the cering year 18 well known and so the mechine can use 
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Alao, the asaumption 18 being considered that there may 
be nen=linegarity in the relationship. In this connection the 
Least Squares technique is bwing used to cetermine if the 
relationship is possibiy quadratic or cubic. In any event, 
the study represents a significant step forward in improved 
planning and control by the use of Cperations Nesearch. 

Another project employing the 1620 i6 the Spectrum 
Analysis of the power transmissions of Loran C stations. The 
Loran C iranch of the Llectroniecs Engineering Divieion of the 
Office of Eneineering receives data from tie Loran C steticn 
Commanding Officers relating power and frequency cutputs for 
each transmitter. The data is obtained by a sampline technigue 
amd can be consicered representative of all trensmiseions that 
have emanated from the transmitter for the specified period. 
it ia important to analyse this information hecause it is 
reguired that 9$% of ail power trenamitted from each station 
lie within e designated frequency bandwidth. 

he distribution of power versus frequency for a sample 
set of data is shown in figure 14. The band width is indicated 
Rlong the abscissa and it 18 required by the International 
Telegraphic Union, under international ajreement, that the 
shaded area contain 99% of the power and hence represent 992 
of the area under the curve. This problem is quickly solved 
using Simpson's rule and the 1020. In this example, .158% 
lay below the vand, 1.071% lay above and so 95.771% is within 
the band. This spectrum analysis of Leran C transmissions 


representy yet another successful Coast Cunard anplication of 
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Operetions Research. 
OR holds considerable promise for the future, dut there 
are also some problems involving uncertainties which will not 
yield to OR techniques. 


Executives should be wary of atterpts to make 
operations research sound as though miracles were 
sometiow possible through the magic of higher rathematics. 
Mathematical techniques can facilitate the solution of 
empirical problems only if there is some relationship 
between the dynamics of the phenomena being studied 
and mathematical] locic. The formulation of restrictive 
assumptions about the nature of reality has the effect 
of leaving unanswered the "solutions" that are assured. 
The assumptions that have to be made in constructing 
some models are sometimes the critical elerents in a 
decisional problem. Emphasis should be riven to the 
idea that many protlems cannot be solved by mathematical 
techniquea. For example, probability theory is not useful 
in solving nay of the uncertainty problems that face 
the executive. 


The already considerable success of OF has led some 
of its provonentse to be overly onotimistic. 


Operations research, like the scientific menarement 
thet went before, will undoubtedly be more successful 
in solvine decisional problems that relate to things 
es cpposed te people. It will previde better enswers 
to production and inventory problems than to personnel 
and market reseerch protlers. It will increase the 
objectivity of decision-making in gome measure, but it 
will net eliminate the need for sutJective techniques. 
Executives will cenyvyere to provide answers to questions 
that have no answer. 


ee ee Ee ee eee ae ee me ee 


lienry H. Albers, 
Tecision-“ekinr 






2 
Ibid., p. 218. 





SS 


CHAPTER IV 


PERT ANP CPR 


"Plan your work and work your plan" is an old adage 
popular with contract bridee enthusiasts. It is also sugrestive 
of a modern management toocle~PERT. The word PERT 18 an acronym 
derived from "Program Evaluation Review Technique". PERT 
assists the manager to plan and control the use of resources 
in achieving established soals. It involves some mathematics, 
which makes it 4 statistical technique, and when these statis- 
ties become complicated encugh, a computer is desirable to 
process the date. 

PERT was originelly developed to utilize time more 
efficiently in the accomplishment of pregramrec chjectives,. 
Subsequently, ae the utilization cf funds became e@ sipnificant 
factor, a variation of PERT was developed calied PERT Cost. 
PERT hed its beginning eround 1958, but a year prior to this, 
there began to be employed in the censtruction industry a 
technique called the Critical Path Method (CPM) which bears 
a clear and close resemblance to PERT. Consideration will be 
given to these three tools separately, beginning with PERT, 

PERT i8 a statioticel technique. It cannot make 

decisions. It only provices 2 basis for deeision 
meking. PERT quantifies knowledge about uncertainties 
faced by the activities responsible for meeting a 
predetermined time schedule. The very process of 


wunalyzing these uncertainties focuses nanercerwent's 
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attention on the critical areas, When these are 
pinpointed manarement can decide what corrective 
actions are necessary. 
PERT . «6 « uses networks to show time anda 
Gependency relationshins vetween the factors contribute 
ing to developing «a syster, prosect, or task. Just 
as a production Jine must have its materials and parts 
scheduled to arrive in the renuired quantitv, at the 
right place, and proper time to assemble a finished 
rrocuct so all subsysters must mesh properly. . . e 
Through PERT data, management can evaluate (a) 
possible "trade-offs" in time and (b) analyze the 
value of redistributing resources in order to improve 
the chances of moetinr time schedules. This statistical 
technique ean quickly five the results of alternate 
courses of action, so that there 28 e choice of Gecisions 
available. 


The followine problem is eimilar to a network develop- 
ment exercise which is used in a course presented at the PERT 
Orientation and Training Center at Bolling Air Force Base in 
Washington, D. C. The situation involved is as follows. A 
speech is toa be made to an invited audflence who are to receive 
an outline of the presentation with their formal invitations. 
RSVP's are requested and the conference reor where the speech 
will take place must have the minimum number of chairs specially 
arrensed to avoid overcrowding and discomfort. Lelow is a 
random listing of probable events which will occur prior to 
the established roal: 

1. Dry run presented 
e. Chatrs arranced 
3. Presentation delivered 


4. Invitations prepared 
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5. Presentation revised 

6. Room reserved 

7. Speech prepared 

8B. Mall list prepared 

G, Outline prepared 

10, HKeplies received 

lle Invitations mailed 

12. Wane cards prepered 

A PERT network is shown in figure 15 which begins with 
"Go Ahead" and ends with “Presentation Deliverea". This network 
is a Glagram of a plan consisting of events and activities, 
Events are not tineconsumingss but are rather a moment of time 
and on initial PERT networks were represented ty circles 
although new they are sometimes represented by techie 
Aetivities separate events; activities sre tireccnaunming 
usually and are represented by an arrow. The earrow indicates 
the activity takinp plece between two events. ‘Sometimes the 
activity does not consume time; in the exnarple, the errow 
between "Outline Prepared" and “Invitations Mailed" indicates 
& "constraint", That means that while "Cutline Prerared" must 
precede "Invitations Nailed", there is no time consumed between 
the two events, in early PERT networks, "constreint"™ arrows 
were dotted; however, this practice is not fcllowed currently 
in mont cases. 
The leecations of thw event cireles on the network 

are not significant although it ils customary tc have the 


earlier events to the left und the end objective on the rig¢nt. 
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This orientation permits the activity arrows to leed toward 
the right. The length of the activity srrow has no meaning. 
The rost significant aspect of Per’ is the determinae 
tion of "activity time”, Most of the activity times cannot be 
aecurately predicted due tc the presence of a variety of 
uncertainties, 


Time estimates are made for each activity of the 
network on a three-way basis, 1.e¢., optimistic, most 
likely, and pessimistic elapsed-time figures are 
estimated by the person or persons most familiar with 
the activity involved. The three tine estimates are 
required as se gauge of the "measure of uncertainty" 
of the activity, anc represent full recognition of 
the probabilistic nature of many of the tesks in 
development-orlented and nonstandard prerrams., .« « e 
Interpretation of the concepts of ortimistic, most 
dikely, end pessimistic elapsed tines hee varied over 
the past few years, The definitions which, in my 
opinion, represent a useful consensus are as follows: 

Optimistice-An estimate of the minimum time an 
activity will tuhe, @ resuit which can be obtained 
only 1f unusual food luck is experienced end everything 
"roes right the first time." 

Hoet likely--An estimate of the normal time an 
activity wili taxe, a result which woule cecur most 
often if the activity could be repeated a number of 
times uncer similar circurstances, 

Pensimistice-An estimate of the maximum time an 
Aetivity will take, a result which can occur only if 
unusually bad luck is experiencec. ft should reflect 
the possibility of initial failure and fresh start, 
but shoulda not be influenced by such factors as 
“catastrophic events"=--strikes, fires, power failures, 
and 80 oneeunless these hazards are inherent risks in 
the activity.l 


Althousch the time estimates are made for each activity 
and placed on the network adjacent te the activity arrow, 
similar to tne placement of course and sreed on f# navigational 


trackline, in figure 15 time ostimates are made only for the 





lrobert W. Willer, “Mew to Plan and Centrol With PERT," 
Harvard Business Feview (March-April 1962), nv. 95. 
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activity between "Go Ahead™ and "Outline Prepared". The 
activity involved here, of course, would be the preparation of 
the outline. As indicated, the optimistic time (a) is one day, 
the most likely time (m) is two days, and the pessimistic tine 
(b) 4s four days. Time in this example is measured in days 
although any increment may be used such as hours or weeks de- 
pending upon the total time involved, No specific enlendar 
dates are involved until after the entire network analysis is 
completed, 

The expected time (te) that an ectivity will take is 
calculated fror the three estimated times by means of the 


formula: 


t. = a+ bm + b 


Yor the example, the expected time turns out to be: 


te sl+& + 4 « 2.27. 


The statistical relationships between these times are shown 

in the top of figure 16. If the activity were performed over 
and over again and then a graph were mace of the number of 
timea the activity consumec each particular time, the curve at 
the top of figure 16 would result. It can be seen that only a 
relatively few occurrences take place near the optimistic ana 
pessimistic times and the greatest number occur at the nost 
likely time, which is indicated by "m" on the absoissa directly 
under the peak of the curve. The expected time (t,) for this 
activity is slightly greater than the most likely time (nm). 


When the time estimates rnre detailed and the activities are 





Number 


of Events 


m te 


time ——— ae 


a = optimistic time 
m= most likely time 
b = pessimistic time 


te = expected time for activity 


t. = expected time 


Te = expected date 


Ty = latest allowable date 


Slack=T; - TE 
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manifold, tris statisticnl calculation for expected activity 
time is accomplished with a computer. 

An expected time (7p) for each event is calculated by 
adding the expected activity times (te) from the initial event 
to each subsequent event. In the network shown in the bottor 
of figure 16, Ty for initial event 11 is equal to zero. The 
expected activity time is ahown adjacent to each activity 
arrow. ‘ip for event 13 1a @qual to one because te. between 
events ii and 13 is equal to one, Ty for event 15 is deternined 
to be three when twe (the activity time between events 11 and 
12) i9 added to one (the activity time between events 12 and 
15). It ean be seen that there are several activity paths 
between initial event 11 and final event 16, To determine Tr 
for event 16, that path is selected through the network which 
will yield the highest summation of t,'s. The hirchest total 
of time in this network results from that path leading from 
event 11 to event 12 to event 14 to event 16. These times 
total to seven, and so Tp for event 16 is equal to seven. 

this longest path through the network is called the 
“critical path" and is customarily shown on the network with 
a double line arrow or a much heavier line than those activity 
arrows which parallel the criticel path. 

The intest time (Ty) allowable for an event to be 
completed and still keep the program on schedule is computed by 


subtracting the calculated activity times (tq) from the 


acheduled time (Ts) of the end objective, Tc ordinarily is 
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the sane es Ty for the enc event. “; and Te are then equal 
to seven for event 16. TT, for event 14 is equal to Ts (7) minus 
te (2) or five. T, for event le is equal to two; Ty for evert 
11 is equal to zero. oy for event 13 18 equal to five; this 
is determined by starting at event lv with a 4, of seven, 
subtracting two for the t, between events 14 and 1€, and then 
subtracting zero for the t, between events 13 snd 14. These 
ealculations yield T, equals five for event 135. 

It can be seen that #, coineides with Ty for ell eventa 
which lie along the critical patn, For those events off the 
critical path, there is “spare time" associated with the event 
accomplishment. This spare time is called "slack" and is equal 
to Ty minus T,. for each event. For event 15, Ty; 1s equal to 
five and Tr is equal to three and se the slack ip equal to two. 

Locking at the slack existing within a network points 
out to manarement areas where trade-offs in resources area 
possible and may ve desirable, Ald of the afecrenentioned 
times and dates including slack times can be computed periodical-~ 
ly while the prorran is prerressinge., A study of the alack 
trends by management will prove west useful. 

The trend of slack, particularly on eritical 

individual activities or events should be closely 
watched, Rapidly decreasing or increasing slack 
should alert manarement to ehanres in resources 
requirement and real and potential problews. Slack 


trend analysis wakes it nossible to pin noint 
situations requiring timely management action. 





lrun? Coordinating Group, RAT Guice For ¥ansrement 
Use; June 1963, p. Bl. 
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The computer’® rele in PRAT fiar ve Drosdened by having 

the computer s@ileet the critical rath; in commiex networks 

where more than 200 paths exiat, a commuter {6 almest mandatory. 
There are also further atatistical sephisticaticns; it is 
possibile to use the computer to caelevlate the varienee end 
standard deviation related to exnected times. “his information 
ean then be used to calculate the probatility of meating an 


established schetule-end date, T. 


o ° 

PUR? has many edventages. It requires detailed plans, 
eatablishes sequential relationships, provides current status 
reports, points out danger areas, and alda management in 
scheduling, planning and evaluetion, 

One disadvantage of PERT whieh 4s important in connece 
tion with siack path analysie is that a network wili not 
indicate the true time avallable for moving, activities either 
rorward or beekward on a anlendar basin. 


Calculations of critical and slack paths in 
PERT consider only the canstraints in the proprram which 
are represented on the network. These econstraints 
reflect the technical dependencies and interrelationships 
which are inherent in the work te be perforrec. In 
additien to these constraints, factors such as the 
availability of particular resources and faeilities 
in specific calendar time periods are maior considere- 
tions in identifying the true critical and slack paths 
of the nrorram. DRecause cof this, there is daneer in 
thinking that the critical and slack ealculations 
derived from a PERT network will automatically indicate 
the true tine availatle for moving activities wither 
backward or forward in enlendar time periods, Before 
& realistic slack figure cin be derived for A bDrepran, 
it is important to review net only the technical con- 
atraints in the propram itself, but also the flexibility 
available in scheduline particular resourees and faci-~ 
litfes at varying tiee reéricds,: 
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There are two considerations to keep in mind in 
connecticn with the use of PERT. First of all, it is not 
necessary to employ a computer. Any job requiring the alloca- 
tion of resources to accomplish objectives will benefit from 
application of PERT, In the initial example, a network was 
constructed to demonstrate the cenpendencies and interrelation-e 
ships involved in planning a speech presentation. PERT could 
just as easily be utilized in the preparation of a meal and @ 
myriad of other day~to-day activities. In fact, the more 
successful and efficient performer probably already possesses 
a PERT manner of thinking before ever hearing of the fornal 
technique. 

The second consideration ia that PERT will not solve 
problems. Management must still make the decisions, PERT 
will point up problem areas and indicate possible “trade-offs" 
in resources, but it can not be a substitute for food manare- 
ment. PERT is a very effective management tool in the hands 
of a skilled administrator. With PERT the end objectives cen 
be accomplished sooner because of the manacer's efficient use 
of time. 

PERT Cost is a natural extension of PERT to those 
situations in which financial resources are significant. PERT 
Cost adds money to time as 6 primary consideration in a 
scheduled pregran,. 

PERT Cost utilizes the work breakdown structure 

and the network as the common framework for planning 
the schedule and cost of the program. As in the PERT 


system, the program is first defined and then broken 
down into end item subdivisions and then into the work 
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packages to be assigned to firsteline supervisors. 
These work packages sare then represented by activie 
ties (one or more) on a conventional PERT network 


to identify the interdependencies in the prosrar 
and the sequence in which the work will be performed, + 


The computer’s role in PERT Cost can be enlarged from 
that of PERT. The computer can maintain cost records of 
estimates, budgets, and actual cost. It can file and arrange 
eost by charge number, performing orgenization, resource code, 
and calendar period. The computer can accumulate and summarize 
cost according to work breakdown structure, define begin and 
end dates of work packages, perform cost calculations, and 
prepare PERT Cost output reports. 

PERT Cost has vroved most helpful to large contractors 
who are managing projects for the Defense Department. Some 
future date will probably see PERT Cost required of all 
companies doing business with the U. S&S. Government. In the 
meantime, many organizations are adopting the technique for 
their civilian activities as well. 

The PERT Cost System is directed toward the 

dynamic management of projects by the contractor, 
as well as toward the timely, accurate reporting 
of project status to the customer. The System 
specifies techniques and procedures to assist 
project managers ins 
Planning schedules and costs 
Determining time and coat status 
Forecasting manpower skill requirements 
Predicting schedule slippages and cost overruns 


Developing alternate time~cost plans 
Allocating resources among tasks 








1 


PERT Coordinating Group, PERT Guide For Manacement 
Uses; June 1963, p. 39. 
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PERT Cost provides an integrated framework for 
effective manarement decisions, 


Preceding the development of PERT and PERT Cost, a 
technique Known as Critical Path Method (CPM) was taking hold 
in the construction industry. CPM also requires the summing of 
activity times along the various paths to determine the lengest 
(eritical) path. The summing cannot take place, however, 
until the activity times have been estimated. 


It 18 in this time estimating procedure that FERT 
and CPM differ most markedly. Oriented as it is to 
the uncertainties inherent in the research and develop~ 
nent project, PERT uses a statistical method to approximate 
the time an activity will take, S8y 6 simple mathematical 
formula, the expected time is calculated from three 
estimated times; an optimistic or shortest possible 
time, a pessimistic or the longest time that assumes 
everything will go wrong, and a most likely time that 
is based on normal prorress, 

Because CPM was devised to deal with more precise 
activities, it uses only one time estimate, normal tire. 
This is suffictent for a construction estimator, who 
can firure rather accurately how long it will take to 
pour 100 yards of concrete foundation. Similarly, a 
manufacturing foreman can tell how many hours are 
needed to turn 100 pump shafts of a particular desirn,@ 


CPM, then, is essentially PERT after a “statistectomy". 
The application of PERT, PERT Cost, and CPM have embraced 
nearly every fileid of human endeavor and include: weapon and 
space systems acquisition, missile site activations, atomic 


energy programs, civil defense programs, training programe, 





Ispeeial Projects Office, Navy Pepartment, An 
Introduction To The PERT/COST Syster For Interrated Prosect 
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2yJohn Van de Water, "PERT end CPM: New Planning 
Tools For Purchasing Management,” Purchasing Magazine, 
June 5, 1963, Pe fee 
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menuals and reports preparation, salvage operations, 
edministrative planning, military operations, and small 
business ventures, PERT'’s origin is credited to the Navy's 
Special Projects Office which applied PERT to the POLARIS 
program where 23 separate networks and over 3000 events were 
involved. 

An application directly involving the Coast Cuard 
was "Operation Chlorine”™ shown in figure 17. 


A barge, containing four large cylinders of 
deadly chlorine sas, had sunk into the mud of the 
Miesissippi River near Natchez, Mississippi. Efforts 
to locate and raise the cylinders had falled, so The 
Army Corps of Engineers was called to do the salvare 
job and used critical path techniques to interface 
the activity. Cooperating with the Corpe of Engineers 
were the Navy, Air Force, and Const Guard. U,. 5, 
Public Health Service was assigned the job of respon- 
sibility for public safety. Alsc involved were the 
Mississippi National Guard, the Red Cross and the 
State authorities of Mississippi and Louisiana, The 
Air Porce flew in the required materials, the Navy 
used mapnetic detection devices to locate the sunken 
barge (corroborated by Havy divers), and the Army 
Engineers began the raising and salvage. The operation 
was successful and one after the other of the potentially 
deadly cylinders were raised and taken away. 


Hot quite so dramatic but certainly of long-range 
significance has been the implementation of the Critical Path 
Method as the system of manarement contre] for the building 
of the new 157-ft. Coastal buoy tender (figure 15) at the U. S. 
Coast Guard Yard at Curtis Bay, Maryland. Besides being the 
largest vessel built at the Yard since World War II, she will 


possess the following characteristics: twin controllable pitch 





errr Coordinating Group, PERT Guide Por Manarerent Use 


June 1963, p. A.4. 
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Pie 17-—"Operation Chlorine" 


propellers, a bow thruster unit, steering and engine contrel 
stations on each bridre wing as well as in the pilot house, a 
10-eton hydraulically powered boom controllable from either of 
two enclosed stations, end air-conditioned quarters for the 
officers and men, All of these features add to the conplexity 
of the shipbuilding task. 

Additionally, there are traditional problems to 
complicate the management function of the shinbuilder. Ship 
components rrocured cutside the yard are usually "one-shot" 
erders which interrupt the supplier's established production 
procedures. The design of the ship and subsequent construction 


are subject to the influence of changes in construction 
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Figsn 18-8157 Ft. Buoy Tender 


techniques, new ideas, and errors. Traditional management 
procedures have provided uncertain and insufficient information 
to determine satisfactory prosress of subeassemblies, possible 
"trade-offs" in resources, and proper manning levels for the 
various jobs. 

Clearly, a management technique is needed to assist in 
alleviatinere these special and traditional problems. The 
Critical Path Method has been adapted for this purpose. A 
small segment of the basic network employed is shown in firure 
19. with this tool many of the problems have been simplified 
or overcome, Procurement and supply functions have been carried 
out more efficiently with firm and controlled dates assirnec 


to system components. CPM pointed out to the Pesign Branch 
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techniques, new ideas, and errors. Traditional management 
procedures have provided uncertain and insufficient information 
to determine satisfaatory prosress of subeassemblies, possible 
"trade~offs" in resources, and proper manning levels for the 
various jobs. 

Clearly, @ management technique is needed to assist in 
alleviating these special and traditional problems. The 
Critical Path Method has been adapted for this purpose. A 
small segment of the basic network employed is shown in firure 
19. with this tool many of the problems have been simplified 
or overcome, Procurement and supply functions have been carried 
out more efficiently with firm and controlled dates assipned 


to system cemponents. CPM pointed out to the Design Branch 
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thet the bow thruster specification had to be expedited, 
Additional sub-assembliies involving air port cuts and frame 
installations were indicated to Production. Most important was 
the result that time and cost requirements were predicted 

more accurately than ever before. 

Following the establishment of the network, the slack 
was distributed to the various activities resulting in a start 
date and a finish date for each activity. These dates have been 
designated PALF (Prior Activity, Latest Finish) and MPTAB 
(Must Finish This Activity By). Next, a project schedule was 
derived; a portion of this is shown in figure 20. Job orders 
for every activity were then written and were distributed with 
copies of the network to shops, Desailgn, and Supply. 

Cosst Guard Yard management personnel have determined 
to mesh CPM with the computer "on a slow bell.” At the present 
time, only sinterial cost sheets and the weekly cumulative cost 
report are obtained from the computer. However, future benefits 
are being planned, 

In @ repeating project, where more than one ship 

is to be constructed, the activities of a revised 
network, which includes the cost accounting deta 

from the first ship, will become actual work standards 
for the project, with proper modification to Hiliow for 
the preductivity increase which naturally results fron 
repetition. This revised network would... be 
susceptible to the myriad computer programs available 
for application. 

At this point, it 18 possible to visualize a 

future application in all new construction within 
a shipyard where computer techniques would make it 


possible to "starrer" projects in such a way as to 
minimize work load fluctuations on a yard=wide basis.+ 





lrseutenant Commander Pavid #, Kaetsel, "A System of 
Management Control Applied to Shipbuilding,” The Jcurnal of 


the Society of Naval Engineers, February 1963. 
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Fir. 20=-Profect Schedule 


The initial success of the adaption of CPM has resulted in its 
use in the construction of additional 157-ft. tenders, 44-ft. 
boats, and 210-ft. ships at the Coast Guard Yard. 


The ship construction and “Operation Chlorine" are two 
"in-house" examplea of CPM application. The future will probebly 


bring many uses for PERT and PERT Cost as well. 





CHAPTER V 


LOGISTICS MANAGEMENT 


Logistics Manarement refers to the planning, coordinae 
tion, and control, of the consumption, storage, and movement 
of all items which are necessary to support a command in the 
discharge of its mission. Every man and every piece of equipment 
must be supplied with energy in some form--food or fuel; also 
required are spare parts, medicine, and other consumables, such 
as raw stock, rags, missiles, shells, lubricants, paper, 
lightbulbs and so forth. In figure 21 oan be seen the UVSCSC 
Eastwind in Me“urdo Sound, Antarctica, offloading supplies to 
support the United States acientific mission in the frozen 
continent. It is apparent from the sheer marnitude of the 
support function that much is to be gained from a welleoriented, 
wellecoordinated operation. The appearance of computers on 
the scene has mace possible a coordination which cculd not be 
achieved in the past, 

Every ship has an allowance list which delineates the 
material authorized to be installed or carried atoard the shin 
for use by the unit. In the past, development of this allowance 
list of recommended quantities of equinare, spare parts and 
consumables has been done in piecemeal fashion with each 
weapons system anc each engine having its own allowance list; 
these were added together to form the ship's lfiat. As the 
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Fig. 2le-VSCGC Fastwind in MeMurdo Sound, Antarctice 


number and complexity of systems has increased, the required 
support in repair parts and consumables has increased markedly. 
The widespread use of Electrical Accounting Machines and 
Electronic Data Processing Machines has provided solutions to 
meny of the previous problems involved in allowance list prepara- 
tion. Now, engineers, technicians, and statisticians look at 
the operational history of similar ships, at the equipment with 
its components and parts and study the recommendations of 
manufacturers. With a computer they can determine the probabi- 
lity and incident rate of failure. One of the results of this 
type of study has been a Coordinated Shipboard Allowance List 


(COSAL). 
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The Coordinated Shipboard Allowance List establishes 
the shipboard allowance for installed and portable 
equipment, equipere and directly supporting material. 
It dees not apply to consumables such as medical 
supplies, provisions, clothing and small stores, or 
aircraft repair parts. it is designed to give the 
vessel an &llowance list, standard in format, capable 
of achieving a balanced duration of support among the 
various equipments to enable the ship to have a 
maximum, selfsupporting capability for an extended 
period. i 


COSAL has been successfully utilized by the Navy in four areas: 
(1) hull, mechanical, and electrical, (2) electronics, 
(3) ordnance, and (4) aviation catapult and arresting rear. 
Basically, to determine a COSAL requires looking at perhaps 
three devices aboard ship which require tubes type 6SHJ. Then, 
instead of Keeping cne spare for each device, the ship will 
maintain only one or two tubes in a epare parts status after 
cenaideration of the failure rate for all. The Coast Guard has 
adopted COSAL for electronics allowance lists only. 

Also aboard ship, the Navy has recognized the need for 
a command and control syatem in loristics and has installed 
Flectrical Accounting Machine (EAM) systems in 27 ships. These 
inelude the fleet issue ships, the AKSs, the AFs, the submarine 
tenders, the destroyer tenders, repair ships, and one aircraft 
earrier. The Navy anticipates” that it probably will not be 
possible to install EDP equipment in Destroyers and smaller 


ships; they do expect to install key punch equipment and have 
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a data processing installation in a nearby command organization, 
which, in the case of destroyers, would be in the destroyer 
tender, The Coast Guard has no EAM equipment or computers for 
Supply purpeses on any ship. 

The Navy is also investigating the use of the computer 
in the Navy Tactical Deta System for use in supply functions. 
Experiments are being conducted on three vessels in the Pacific 
ang two in the Atlantic. 

The NTDS corputer alone is not sufficient to operate 

& logistics data system, With adequate prograns 

and peripheral equipment in the ship, however, the 
computer can be used during tactical off-time to 
update the various logistic pregrams handled ‘off-line’ 
elsewhere, These installations show what a digital 
computer can do afloat in losistics; we cannet rely on 


them for the future, however, heceuse of their primary 
commitment to tactics. 


Supplies are provided to the ships within the Department 
of Defense by the Defense Supply Agency (DSA). DSA has used 
EDP equipment in a variety of anplicstions in the Defense Supply 
Centers: requisition processing, stock record maintenance, 
maintenance of material request and atatus history files, 
eatalog records maintenance, materiel manarement, and billing 
and collecting. Defense Supply Depots are storare locations 
which perform a shipping and warehousing function for the Defense 
Supply Centers. The depots make use of computers in shipment 
preeessing, receipt processing, and adjustment processing. Th 
use of computers has led to an interration and centralization 


of supply which has not been possible in the past. Stock levels 
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can be maintained on a systemwide basin and shipments to 
customers cen come promptly from a location which has the 
required material on hand and is located so0 that the most 
econcmical transportation ie involved. One of the advantaces 
of this system will be an overall reduction in the costs net 
only of administration but also of inventory maintenance. 

At Horfolk, Virginia, there is an IBM 1410 system at 
the Naval Supply Center which processes requisitions st the rate 
of 14,000 to 30,000 a day. when an order is received, the 
computer will check to see if the item is in stock, direct the 
clerk to the location cf the item, and update the inventory end 
finanelal records simultaneously. If the item is to be shipped, 
@ shipping invoice and shipping label will be printed by a 
terminal of the devices located at the preper warehouse. The 
1410 also will record dincoming material, checking to see that 
it was ordered and instructing the receiving department exactly 
where to store it. It will then update the stock records. [In 
its spare time the 1410 system also handles all of the center's 
fiseal information, including payroll, savings bonds, and 
leave accounting. In Philadelphia the Navy Aviation Supply 
Office has been automated. The ASC is the inventery control 
point for all seronautical material used by the Navy and Marine 
Coros. The significant advance made by ASO has been in procure- 
ment processing of purchase orders for stock replenishment. 

The output cf the operation is an LAN card which is itself a 
request for quotation (RFQ)-<one card for each item and each 


destination. RFQ cards are sent to all sanufacturers who are 
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identified in the activity's technical files as beinre suppliers 
of the iten to be purchasec, The supplier writes in hit price, 
delivery date, and discount terms, and returns the cards to the 
ASC, where they are reviewed by procurement arents. Those 
accepted are sent back to the computer which oroduces a purchase 
order. 

The Marine Corns slno is employing computers in supply 
functions. Computers have been installed in the Marine Corps 
Supply centers at Albany, Seorgia, at warstow, California, and 
at the inventory control point in Philadelphia. The functions 
of the computers are the economicai and accurate inventory 
control of approximately 250,000 supply items along with 
financial control and managerial reporting. 

The United States Army recocrnizes the modern challenges 
of loristics manapement,. 

Until recently there were no scores of supply 

centers nor vast worldwide communication and trans-= 
portation networks; nor did a single event or enrare~ 
ment usually have such far-reaching effects as it 

might today when "“loristics” embodies a whole intricate 
art in itself, encompassing the efforts of thousands 


of specially-trained people and billiens of dellars 
worth of equipment end supplies. 


Charged with the responelbility of training Army personnel in 
modern loristics manarerent is the U. 8S. Army Logistics 
FKanagement Center (ALMNC) at Fort Lee, Virginia. Empleying an 
IBM RAMAC 305 in part of its program, ALMC conducts an inventory 


managerent "game" called LOGSIF-WC (Logistics Simulation- 








limated States Army Loristics eee with the 
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Wholesale, Computer Assisted). Matheratical models of complex 
problems drawing on all of the elements of the U. 5. Army 
wholesale supply system stored in the RAMAC 305 rive the 
students all the benefits of real world experience without 
the actual consequences of errors. 

A significant step in the automation of loristics 
management was made with the implementation of MILSTRIP on 
1 July, 1962. 

The Military Standard Requisitioning and Issue 
Procedure (MILSTRIP) concept was created in order 
to establish and implement uniform criteria for 
preparation and submission of single line item 
requisitions by the Military Services. 

The procedures, forms, ané formats .. . are 
mandatory for all Coast Guard units in intra-service, 
intereservice, and CGieGSA transactions. In addition, 
the meneral MILSTRIP system concept is binding on 
all members of the Department of Defense and on the 
General Services Administration in its logistics 
suppert of the Military Services. 

MILSTRIP applies to all manner of supplies, such as the dry 
stores shown in figure 22 at the Coast Quard Receiving Center 

at Cape May, New Jersey. Important also are those circumstances 
in which MILSTRIP does not apply. These include: perishable 
and brand name subsistence items, bulk fuels and lubricants, 
purchasing operations within or between departments, some 

forms and publications, material controlled by the U. S. Navy 
Oceanographic Cffice, ontional use for transactions within 


stations or bases for local support, Stock Number Identification 


Tables (SMITS) and Allowance Parts Lists (APL’s) fer electronic 


parts. 
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Fic. 22--Dry Stores at Cape Hay, New . 


2 


Three forms have been created for use in MILSTRIP 


& 


documentation. Two are CAY cards compatible 


I 


for EDP. DD Forn 
1346 48 used for requisitioning, follow-up, cencellation, 
status request, sahinpping data request, and fer receiving 
material requisitioned from Coast Guard Supply Activities. 

DD Form 1348m ie a standard EAM card which is used in POD and 
OSA systems for requisitioning, follow-up, cancellation, statue 
detail, and various orders. Coest Guard activities receive 
lgh4om from DOD or SSA in reply to follow-up, status requeat, 


shipping data request, and cancellation request. DD Forr 134&@m 
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ia also authorized for interservice use by Coast Quard units 
having ADP capabdvility. Phe third form essociated with MILSTRIP 
is OD Form 1348-1 and is shown in figure 23, 


Material from components of POD and GSA supply 
systems will normally be received on this form. The 
Coast Suard will use the DM13498-1 for release of 211 
material consigned to all activities other than the 
Coast Guard. This form will alse be used intra~ 
Coast Guard for the turnein of all material to the 
sunoply system, for requests for cisposal and for 
412 HQCM issues. When components of DOD and GSA 
use the DN~134Um (mechanical) system, the NnDd.1348-1 
wili be used as the material release docurent. 


Another step forwerd in loristics management was taken 
when MILSTAMP became effective on 1 October, 1963. 


The Bilitary Standard Transportation and “ovement 
Procedures (MILSTANP) are a set of standard procedures, 
forms, and lanruage to be used by the wilitery services 
and all other arencier which use the PCD transportation 
system,< 


With the evolution of @ military Supply and trans- 
portation system which encompasses a11 the services, 
there has arisen a need for a standard docurentation 
system which is reedily usatle and understood by the 
various services earid agencies invelved. Just as the 
Military Stendard Requisition and Issue Precedures 
(MILSTRIP) were cenceivec by DOM to streamline certain 
basie supply eroecedcures throurhout the service, MILSTAFP 
has been promulratedc to provice a common system for 
decumenting and controlling movenmente within the 
DOP transpertation systen.3 


The npurroses of MILSTAFP are to make the POD transe 


portation system rore effective to the user and to increase 
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the intrinsic efficiency of the system. Toward these ends, 


MILSTAMP incorporates the following: shipment planning, uniform 


documentation with the Transportation Control and Movement Docue | 


ment (TCKD) DD Form 1384, compatibility with MILSTRIP, standard 
transportation priority based on Uniform Material Issue Priority 
System (UMIPS), performance evaluation by in=transit data 


collection, and a Transportation Account Code (TAC). 


Mandatory for all military services and other agencies 
using the POD transportation system, MILSTAMP does not apply 
to local shipments, mail shipments, commercial bills of lading 
shipments, bulk petroleum products shipments, and passenger 


movements. 


More automation prorrens will be accomplished with the 
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preresed implementation en 1 Cetoher 1964 of the MILSTAPND 
Joint Perulation. 

This regulation implements the policy of the Peparte- 
ment of Defense respecting development, implementation 
and maintenance of e iMlitary Standard Activity Address 
Directory (MILSTAAD) for use in a ary standard logcise 

cs systems. The bhroadenec application of autoratic 
data processing, the use of high speed data transmission 
equipment, the shertening of lcristics pipelines, enc 
the continued increase in supply cross servicing make 
it hirhly Lerortant that activity codes and clear text 


addresses be uniform in content and structure to 
fnceilitate usnre in automated systems, 


The system prevides for a Gedigit alphaenumeric code for fixed 
installations, mobile activities, anc certain contractors. 

The address eode is an important part of MILSTRIP, MILSTAMP, 
and MILSTRAP. WILSTRAP stands for Military Standard Trans~ 
action, Reporting, and Accounting, Procedures which are internal 
to DOD and hence do not apply to the Coast Guard. 

The advent of automation in logistics manarement has 
been accompanied by such an explosion of acronyra thet one 
weggish Navy Admiral remarked, “Now that MILSTRIP, MILSTAMP, 
MILSTRAP, and MILSTAAD are at hand, we will probably scon have 
a MILSTONE around our necks--MILitary Standardization Of 


Nearly Everything. "° 





2 
Name withheld by request. 





CHAPTER VI 
IRPFORMATION RETRIEVAL 


Information Retrieval is a relatively new field of 
endeavor, but the problem with which it deals is not new; 
essentlaliy it is the problem of organizing and filing informa- 
tion so that it is readily available when needed. Early efforts 
were principally in scientific and technical applications, 
but there has been an increasing awareness of its potential for 
general business and manarsement uses, In the Coast Cuard, the 
Office of Personnel is expanding its modern information 
retrieval methods. The office of Merchant Marine Safety will 
soon adont a system for its many blueprints. Other potential 
uses would be for legal and intelligence flies or for any other 
large accumulationa of printed matter that must be referred to 
periodically. It may be that the Academy library will follow 
the planned automation of the Library of Congress. 

Recognition of the need for more efficient syatems 
for managing the valuable resource, information, is not scme- 
thing of recent origin. As early as 1851, in a report to 
Congress, the Secretary of the Smithsonian Institution said: 

It is estimated that about twenty thousand volumes, 

including pamphlets, purporting to be additions to the 
sum of human knowledge, are published annually; and 
unless this mass is properly arranmed, and the means 


furnished by which its contents may be ascertained, 


TT 
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literature and sctence will be overwhelmec 
by their own unwieldy bulk.l 


But this warning and others like it went unheeded for over a 
century and literature of all types Kept plling up, being 
andexed and filed by the conventional manuel library rethods, 
The real information explosion came curing end after World War II 
when there was a tremendous expansion in scientific and teche 
nological research. Yhe flood of knowlecre was so rreat that 
the traditional methods of collecting, clasrifyinr, and storing 
records coule no longer handle the problem effectively. 

Here are some actual incidents’ that illustrate how 
research expencitures dSy private industry and the frovernment 
were spent unnecessarily for duplicated effert because of lack 
of easy eccess to already existing knowledre: 

In development of a military communications systen, 
sovernment scientists struggled with an electronic 
switching probler for severnl years before finally 
solving 1f. They later discovered that the Pussians 
had published the solution to the same problem in 1950, 
fBhout the same time that we beran workiner cn it. 

In another case, missile firings were delayed for 
i months while several U. S. manufacturers worked on 
@8 tricky valve desigrn. Tne Air Force then discovered 
that it had the answer All along, buried in its files. 

One electronies firm paid & million dollars 
sevelaping 2 devices only to discover it had wasted 
ite money, Enrifer inventors already hac patents 
on gimilar devices which were buried in the files of 
the Patent Office. 


Tre information problem i8 not limited to science and enrineer- 
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Allien Ment, Textbook on Wechanized Information 
Retrieval (New York: chn ev & Sons, 1960). 
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19 
ing only. cvery year the federal governrent turns cut 25 
billicn pieces of paper in the form of reports, letters, 
publications and other decuments. Taid end-to-end, this paper 
would stretch to the neon Gnd back 13 tl@es. The accumulation 
oF cocuments in the federal records centers consumes space 


1 che rovernnent and 


equivalent to 7 Pentaron buildines, 
private industry have a tremendous paper tirer by tne tail; 
manarement has become acutely aware that the success of eny 
organization depends to a great depree on the availability of 
timely, accurate, and comlete information for decision-makine. 
The efforts to core with this information problen have 
led to the new and rapidly developing field of Information 
Retrieval systems, which are defined as: “Systems for loeatine 
anc selecting, cn demand, certain docunents, cr other graphic 
records relevant to a given inforration requirement from e 
file of such materital."* Vie .f hn Adboas ab purpose of thease 
systems is to organize and file inforration in such e way that 
it ean be made available when it is neeced. In princinile there 
is nothing strictly new about Infcrmation Retrieval. The 
faniliar library systems, such as the Dewey decimal system for 
indexing, filing, and retrieving literature, have been in use 
for a long time. hut these manual systems have proven inade~ 


quete to cope with the vast amount of information now being 





ys ctor li, Nash, "A Decision in the Making: Automatic 
Files for Government and Business,” The Armed Porces 
Comptroller, June 1962, p. 14, 


eu, Sey Surenu of the Dudget, Automatic Data Processing 
Glossary, December 1962, p. 54. 
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conerated. 48 a result, Bore versatile devices and @quliptent, 
and wore sophisticated methods and syste@es are obeing developed 
to gselve the vroblems, 

The operation of an Information Retrieval system is 
comprised of the following basic functions; 

a, Collection. This funetion involves the acguisition 
of the source documents that will enter the syster, The major 
problem here is to insure access to 21] of the informaticn 
needed to fulfill the requirements cf the systen, 

be. Analysis. Tliext, the ineut must be analyzed and 
evaluated to determine if it ts of value and if it supersedes 
or adds te inforretion already in storare. rxtraneous data 
must be screened out to avoid clorsring, the systen with useless 
information. 

Cc. Abstracting. Some, though not ell, systens 
utilize abstracts. sAbstracing Involves the condensing of a 
publication, article, or some other type of document into a 
concise summary of its essential contents. Abvstracts obviate 
the necessity of referring to the cririns] document. In some 
applications they serve to keep users of the information system 
informed of current developments and new information entering 
the system, They are also useful as a basis for indexing. 
Automatic abstracting systems have recently been developed in 
which a computer makes a Statistical analysis of the most 
frequent sisnificant "key words" itn a document and automatically 


produces an abstract compesed of the sentences which contain the 


B1 
highest density of key words. 

Gd. Indexing. A fundamental requirement of any 
Information Fetrieval system is effective indexing. The index 
is the key to control over the information in storere. Alpha- 
betical and numerical identifiers or the standerd library 
classification systems may be adequate when the number of 
subjects is not too large. However, these classification 
systema are rigid; documents must be fit into pre-established 
fixed caterories, and retrieval may prove difficult if the 
user’s approach does not match the approach used in classifying 
the document. New, more flexible indexing systems such es the 
key word, the descriptcr, and other systems are now being usec 
extensively. Once the index has been developed, it can be 
coded for machine processing and serve as the basis for search- 
ing and retrieving of data from storare. 

€. Storage. This function is concerned with the 
physical storere of the original record, the abstract, and the 
index. In some systems, the index and abstract are stored on 
amachine searchable medium and the orieinal documents are 
stored separately in their oririnal form, This approach is 
zuitable when dealing with documents which are extremely bulky 
or otherwise do not lend themselves to transfer to other media. 
In other systems, the documents are stored along with the 
index and abstract in machine searchable form. The physical 
form of the docurenta and the manner in which they are used 
have a major influence on the type of storage suiteble. There 


are various storage media including microfilm, edre-notched 
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cards, “peek-a-boo” cards, aperture cards, punched cards, 
magnetic tape, and random occess marnetic discs. 

f. Retrieval. The culmination of the information 
syotem is retrieval of the stored data. Although listed last, 
the retrieval function is of first importance because the 
requirements of retrieval will largely determine how the other 
functions will be performed, what will be collected, whether 
or net absetracta will be used, the tyne of index, and the type 
of storage equipment to be employed. Whatever the requirements, 
the prime consideration and the end result of the syster must 
be to satisfy the needs of those who use the information. 

In approaching the information problem, the first and 
foremost matter for management to identify is: What is needed? 
Hot what Kind of equipment is needed but rather what are the 
information needs? Equinment is available to meet just about 
any requirement, but no system exists as a package ready to be 
piugged in and be suitable for any and all requirements. There 
are a number of factors for management to consider in selecting 
a system for a particular requirement. The major considerations 
are 3 

a. Purpose of the aystem. As in all planning problems, 
the first step is to define the obsfective. Why is the informa- 
tion collected? How is it used? Only after these questions 
have been answered can it be determined what to collect, how 
much to collect, and how to process it. 

b. System users. The system should be user-oriented. 


Effectiveness implies that the product produced by the systen 





53 
be useful te the people who will use it. Basically, the system 
must provide: (1) enourh information, (2) of the kind that's 
needed, (3) when it's needed, and (4) in the form needed. The 
user's requirements ere a major determinant not only in the fort 
of output but also in the speed of response. For example, an 
information system for a military command application would 
demand rapid results, whereas the time element in na scientific 
research applicaticn would be of lesser significance, 

e. Nature of information handled, The form, type, and 
volume of the source documents have a major bearing on the type 
of system to he adopted. The nature of the input fis an import- 
ant consideration in determining whether the system should 
produce a bibliographic reference, an abstract, or a reproduc= 
ticn of the document, what type of storare media should be 
used, and how much storare ecanacity is needed, 

d. Cost of the systen. The capital investment and 
operating costs are major considerationna in design of the 
system. Management must avoid the temptation of becoming 
enamored of the machines and devices. The information systenr, 
like any other investment, should pay its own way and more, 

The costs must be welrhed arainst the savings in time and 
duplication of effort, improved operating results, better 
decision-making ability, and other benefits of the system, 

e. Potential for expansion. The system should have 
e built-in potential for growth to handle increases in the 
volume of data handled. Also to be considered is the possi- 


bility of adding new subject arens to the systen. 
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f. Teennolorical advances, Since Information Retrieval 
is a rapidly developing art, technological advances are another 
factor to consider, to avoid investing in equipment that may 
become prematurely obsolete. Unless the lenr-run requirements 
of the system can be projected, equipment rental may be wiser 
than outright purchase in the initial stages of a large-scale 
installation. 

Indexing is the key functicn in the establishment of 
an Information Fetrieval system, Use is still made of the 
traditional methods of orranizging information. Documents are 
still classified on the basis of thelr subject contents and 
arranged according to a predetermined classification plan. An 
example of this type of stoware is the offica subject corres~ 
pondence files. In additicn to this hierarchical classification 
system, there is also & separate indexing system by subject 
headings used widely in libraries. An example of bothe-a 
combined hierarchical with separate index records--in the Dewey 
decimal system, Many problers arise in the use of these 
traditional systems. For the hierarchical system, subdject 
topics may be too numerous. The system is too inflexible when 
the documents must be retained for extended periods of time. 
The continual growth of the system requires subclessification 
or increased “depth"™ itn classifier indexing. In the use of 
subject heading cards there are also problems to be overcone. 
The cards are widely separated in the file and hence are hard 
to compare. There is difficulty in revising, updating, and 


purging the cards. As a result of these problers with old 
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types of information organization and the recent increase in 
the amount of information, there has come about a new approach 
to the storage and retrieval of information. 

This new approach is called "coordinate indexing". 
There are other names for this idea and there are several 
variations. Some of these are called "concept coordination", 
“correlative indexing", and "multiple aspect indexing". With 
this new concept of coordinate indexing, the major difference 
from traditional indexing methods is that the documents involved 
are not characterized by the freneral subject topics. Instead 
numerous individual words or terms are used to describe the 
documents=-each term covering a eingle aspect of the docurent,. 
The great advantage of this new system are its fiexibility and 
its susceptibility to manipulation. For example, if information 
is put away or stored by the coordinate index system and a 
search is made for a particular document, the scope of the 
search cnn be broadened by dropping some of the initial terms 
or the search can be made more specific by adding more terms. 
The search can also be varied by using different combinations 
of terms. 

There are two basic methods for selecting the indexing 
terms to be employed in a systen: 

a. Derived Index. This method uses terms appearing 
in the document itself. The index terms are sometimes called 
“keywords” and are called “uniterms" in one patented Information 


Retrieval system, This type of system has some problems. 
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There 16 redundancy caused vy synonyms and overlapping ters. 

As the nuinber of terme in the system increases, the indexing 
of documents becomes complicated and the senrching less accurate. 
However, this system also has the advantage of ease and speed 

f indexing because all of the terms are in the "natural 
language” of the dsceument. The document has not been forced 
to fit preselected terms, 

b. Assigned Index. It may be decided in advance vhat 
terms will be used and their meaning and use defined. These 
assigned index terms ere sometimes referred to as “descriptors". 
This type of selection also has its problema. It eliminates 
the automatic indexing of the documents; 1t creates an 
"artificial languase”. It thus requires special skills in 
devising a list of terms and places greater demands on the 
skill and kKnowledre of the indexer, However, it alse has 
advantares. It reduces the number cf terms in the system and 
it tends to improve the retrieval accuracy. 

After the method of assigning terms to items has been 
determined, the next step is to assign terms; an illustration 
will demonstrate. A matrix relating particular document numbers 
to particular keywords or terms is shown et the top of firure 
24. A crossmark below the document number indicates the item 
possesses the term over to the left of the matrix. Pocuments 
considered are numbered 1, 2, 3, 4, 5, 6, and 7. The terns 
that may be characteristic of a particular item are a, b, c, d, 
e, f, and g Now that terms have been essigned, the informae- 


tion must be grouped for storare. There are two ways of doing 
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Fig. 24—--Document-Ters Matrix (top), Conventional Grouping 
Index Cards (middle), and Inverted Grouping 
Index Cards (bottom) 
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this: 

& Couventional Grouping. There is one index card or 
other type of record prepared for each docunent (or person, 
or place, or thing), as shown in figure 24 (middle). Then all 
the particular terms used to characterize the document are 
shown on the carda. This is also referred to as “term on item" 
grouping=="4{¢em" referring to the document. Searches are con- 
ductec by comparing the indexing terms named in the search 
request with those appearing on each index card and selecting 
those ecards that match or fulfill this term requirement. This 
procedure is referred to as a serial search. Types of systems 
that use the conventional grouping and also the serial search 
are the edge notched cards, EAM (electrical accounting machine) 
punched cards, and microfilm or electronic computer systers. 

b. Inverted Grouping. One card or other record is 
prepared for each indexing term appearing in the "dictionary" 
of terms for the system as shown in figure 24 (bottom). Index 
records are arranged by these indexing terms. This style of 
grouping is also called "item on term". Searching is conducted 
by selecting only those few term cards named in the search 
request and checking them to find what document numbers appear 
on each and every one of the cards. Examples of employment of 
the inverted grouping include the optical coincidence or 
“neek-a-boo" system and the Uniterm system; also EAM punched 
cards and electronic computer systems may use inverted grouping. 

An example of an application for appointment aa Cadet, 


Ue. &. Coast Guard is shown in firure 25. This card i8 a 
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APPLICATION FOR APPOINTMEN 


’ 
Bp: :@ 
INSTRUCTIONS: COMPLETE THIS FORM AND RETURN TO THE COM Zz 
ou z 
@:: EXAMINATION NUMBER FOR THE COLLEGE ENTRANCE EXAMINATION BOARD TEST (SEE :@ 
e INSTRUCTIONS 1% THE ACCOMPANYING BOOKLLT) Co e 
@>:: 
a a ae ee i@ 
TF SELECTEO FOR FURTHER CONSIOLRATION FOR APPOINTMENT, WHERE DO YOU WISM TO ; 
TAKE TME SUPPLEMENTARY COAST GUARO TESTS? (SEE INSTRUCTIONS IN TME ACCOMPANYING | [@ 
@ | |no. a streer.___356 Wall Street_____________ BOOKLET) 7 @ 
@ :3| [citys stave__ Beatus, Missouri __________-_ =@ 
oe 
m—| [WAVE YOU EVCR BECN A CAOLT OR A MIDSMIFMAN AT A SCRVICE ACADEMY? _Ste Louts, Missouri ss = 
@:: CITY & STATE s2@ 
Balpyes WO: 3X) eee ee ee a 
3 iF YES- 3 {AYE WICH : @ 
e & | [WAVE YOU APPLIEO FOR THE COAST GUARO ACADEMY MLFDRE! - 
-_) 20 COS! GL) ee Seen a ee ee e 
a 
@ is] (tte vor" MCMBER OF A MILITARY SERVICE? U.S. NATIVE 4K NATURALIZEO [J e 
ay 
= NO If WATURALIZEQ, GIVE OATE OF ENTRY, DATE OF NATURALIZATION MATURALIZATION CER. 
wD 5: IF YES, COMPLETE THE FOLLOWING. TIFICATC NUMBER ANO NAME OF COURT. e 
2 RATER GRANCH = 2 eee = ee 
@:lc MARITAL STATUS @ 
majn| SERVICE NUMBER. sincce CK marrico 0 wicoweo [] oivorceo O 
@: MAVE YOU BCUN DETAINEO. ARALSTLO, SUMMONED INTO COURT, INDICTEO OR CONVICTED e 
MILITARY (NOORESS 92 a ee 
FOR AMY VIOLATION OF CIVIL OR MILITARY (INCLUDING JUVENILE) OFFENSLS? (D0 NOT 
@: ACTIVE DUTY INACTIVE RESERVE [) REPOR® MINOR TRAFFIC OFFLNSLS) 7 
V_| [HAVE YOU EVER BECN OISCMARGED FROM A MILITARY SERVICE! 
@:: YES (J no & ves 0 no ° 
oa 
~s ¥! lave vou visiveD TNE ACADEMY IN ANY ORGANIZED GRDUP FOR AN ORIENTATION PERIOD? IF YES, ATTACH A COMPLETE STATEMENT FROM A COURT OFFICIAL DR PROBATION OFFICER 
=— GIVING NATURE OF OFFENSE, OATE AND DISPOSITION OF CASE. 
» Hy ARE YOU NOW OR WILL YOU BC A MIGM SCHOOL GRADUATE BY WERT JUNE 30TH? 
: Give DATE 
- 
8 2 OF GRAQUATION 29 
@:: 
BE 
@.« 
@ = 
@» (NAME) 
@ 0] | APPLICATION PAPERS MUST BE POSTMARKED NOT LATER THAN THE CESIGNATEO C.E.E.B. TEST OATE IN OROER TO BE CONSIDERED. (SEE INSTRUCTIONS IN £ 


THE ACCOMPANYING BOOKLET) 


Fin. 25-—Sample Cadet Application 


utilisation of the vonventional or term on item crouping. It 
is also an example of an edge notched card system. The applice~ 
ant will fill in the form with the requested information and 
then Coast Guard personnel will encode some of this data in the 
border of the card by means of a punch which extends the hole 
already present in the border all the way to the edge so that 
a notch results at that location. Inforrotion which can be 
stored with notches in this manner include: the applicant's 
source of knowlecge about the academy, the district, exerinaticn 
center, state, alphabetical name code, end other pertinent data. 
The notches along the top of the sample card indicate 


that this individual is authorized to take the examination, 
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is in the second Coast Cueard district, has code state number 26 
(Missouri), and Alphebeticeal Name Code 42, A search through 
& file of these cards for individuals possessing certain 
characteristics is conducted using & steel needle similar to 
an icepick., If the searcher wished to determine which of the 
applicants were from Missouri, he would first observe that 3 
notches in the “state” area of the border control this char- 
acteristic, He would stick his needle throurh the 2 end all 
those cards notehed would fall out when the deck was lifted hy 
the needle. Picking up the fallout, the searcher would place 
the needle through the 43 and lift agein. A subsequent lifting 
through the 2 would allow to fall freo all those applications 
from Missouri, Similer searches could be conducted to find 
other applicants (items) posseasing certain characteristics 
(terns). 

An example of the second type of sroupinr--inverted or 
{tem on term=m48 shown in figure 26, The iliustrative earc 
is a part of the Information Retrieval system employed by 
the Offieer Personnel Branch of the Office of Personnel at 
Coast Guard Headcuarters,. It is called the Termatrex system 
by the wanufacturer and is also known as the optical coinci-e 
cence or peek}ana-boo system, Each plastic card measures 9 1/2 x 
11 inches and is assirned one charactertatic term. On the card 
there are positions to correspond with as many as 10,000 
Individuals, fvery Coast Guard Cfficer has an location en 
this card. The card is identified as OCBM 1030. OCRM stands 


for Officer and Billet Classification Manual and looking in 
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that publication under number 1030 will reveal that each hole 
represents someone who has been a military personnel officer 
at a unit or district office. Absence of a hole indicates that 
the officer to whom that “address" belongs does not possess the 
characteristic. The "address" is identified by placing a 
movable plastic device atop the card and lining it up with the 
"address", Two numbers are then read along the left or ordinate 
and two more are read along the abscissa on the device. On 
the left numbers go from 00 to 99; along the abscissa they 
range from 00 te 99. Therefore, possible addresses go from 
0000 to 9999. These sre assigned to individuals arbitrarily 
(customarily chronologically) by the operators of the systen. 

The complete system is pictured in figure 27. The 
ecards and cardholder are shown at the left of the operator. 
The cards have a scale of 100 numbers from 00 to 99 printed 
gailong a colored strip at the top of the card. There is also 
a tab giving the exact number of a particular card. There are 
one hundred locations for tabs and ten different colored strips 
and so the file can contain 1000 cards. Further extensions 
could be made to the file by adding notches along the right 
hand side of the cards. 

Posted on the wali can be seen the index relating 
colors, numbers, and terms. The operator's right hand rests 
on the manual input machine. It is with this device that the 
holes are made precisely in the plastic cards. On the [far 
right is the reader equipment. Cards are selected from the 


cardholder in eccordance with the search orders and these are 
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Fig, 27-@Personnel Information Retrieval System 


placed one on top the other on the face of the reader, Light 
will continue to shine through in those "addresses" where a 

hole appears on each end every card. The scale can then be 
positioned to read the numbers of those officers whose character- 
istics satisfy the parameters of the search. 

Another example of conventional grouping is the Officer 
Assignment Data Card shown in figure 28, Most of the informa- 
tion on this card is repetitious anc has been filed in the 
officer's personal service record or in his memory and had to 


be retrieved by the individual officer each time he submitted 
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the form, In the future this information will be stowed in 
1301 disk file of the computer complex at Headquarters, Officer 
Assignment Data Cards will be printed by the computer and then 
mailed to the individual officer for verification and updating. 
Computer preparation of the card 18 but one phase of a new 
Integrated Personnel Accounting Systen, 

A variation on indexing occurs with the AMVER (Atlantic 
Merchant VEssel Report System). Input data is in the form of 
term-oneitem or conventional grouping. Output data is item-on- 
term or inverted grouping. AMVER is the Coast Guard operation 
in New York that uses a 305 computer to maintain current posi- 
tions of about 800 ships a day as they cross the Atlantic. 

Ship captains volunteer pertinent information by radio nessagce 
and punched cards are prepared for inserting the information 
inte the computer as shown in firure 29, 


seconds after the message arrives, it is manually 
checked for authenticity of the vessel's call sign and 
anticipated position. The report is then given to a 
card punch operator who translates the message into 
the computer's language by indenting a standard ounch= 
card, After verification, this card is fed into the 
computor, which stores the information in its fabulous 
“memory” until it is needed in a SURPIC (Surface Picture). 

When an alert is sounded and a SURPIC is needed, it 
takes only secends for AMVER to respond. Quickly, an 
experienced Coast Guard electronics specialist sittinge 
at the computer's console types cut an interrogation 
to the machine. A few minutean later the computer answers, 
Its response comes in an automatically typed messare 
giving data on all veasels within a certain radius of 
the vessel or plane in need of emergency aid. In 13 
standardized columns, the computer lists the nare of 
each vessel, her call sign, latitude and longitude, 
date and time, course, speed, radio watch schedule, 
availability of surface radar, doctor aboard, radio 
telephone availability, destination, and estimated tine 
of arrival. If the computer finds there are no vessels 
within the initial SURPIC requested, usually a 109—mile 








Pite 29-eAMVER Input 


radius, a second interrogation is made to include 
ships within a 150— or 200-mile radius of the point 
of interest~~-the ship or plane in distress. 


Another Coast Guard Information Retrieval systerm is 
in the offing. The Office of Merchant Marine Safety (MMS) 
has determined that many of its print and record files should 


be relocated at a Federal Records Center. Space at Headquarters 








1p aul Van Wicklen, "They Plot Por Safety's Sake," 
Proceedings Of The Merchant Marine Council, U. S. Coast Guard, 
neton overnment Printing Office, 
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has been calculated to be worth atout $17 a square foot per 
month while at the Records Center space is available for about 
$3 per square feot per month. So it is quite likely that a 
microfiim cr other system will be programmed soon for 
Headquerters MMS use. 

Only a few specific types of information Retrieval 
apparatus have been nentioned, There are a wide variety in 
us@ by business and industry: combined peekea-boo and 
microfilm systems, cosbined microfils and electronic computer 
systems, special photo storage devices, electronic display 
devices, and others. Common to all, however, are the indices 
and groupings set forth in this discussion. So also wili they 
be to any Coast Cuard systems for years to come. One day, 
information may be available on any subject from a speaking 
computer. One has already been developed to respond to audio 


requests for stock quotations. 





CHAPTER VII 
SUMMARY AND RECOMPENDATIONS 


This atudy of Coast Guard plans and programs coupled 
with an enalysis of what has been done by cther arencies 
indicates that simificant progress has been made by Coast 
Cuard Manarement in using cemputers in the areas of Conmand 
Control, Operations Research, PERT and CPM, Loristics Manaree 
ment, and Information Retrieval, In fact, in some aspects of 
Operations Research, the Coast Guard may be in the forefront 
of development and application. 

As a consequence of observing the march of the Coast 
Guard into the computer are, certain next staps recommend 
themselves 3: 

1. <A Pacific Ocean version of AFVER,. 

2. Ordnance, hull, mechanical, and electrical COSALs 
for all ships. 

3. An advanced Command Control information syater 
compatible with the Navy's. 

4, Development of a system to determine when equipment 
replacement is more economical than repair at all levels of 
operetion. 

5. Encouragement of "in house” undertaking of 
Operations Research projects by the organizational elements 
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involved. 
6. Famfiifarization of ell Coast Guard manarers with 
the basic principles of PERT and CPK, 
7. Continuation of the war against routine paper 


to help control the Information Fetrieval problem, 
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APPENDIX 
GLOSSARY OF ACROHYRS AND OTHER ABBREVIATIONS 


APP, Automatic Deta Processing 

ALKC, Army Logistics Manarement Center 

AMVER, Atlantic Merchant YVEssel Report 

ASO, Aviation Supnly Office 

ASW, AntiSubmarine darfare 

CIC, Combat Information Center 

COSAL, Coordinated Shipboard Allowance List 

CPM, Critical Path Method 

DOD, Department of Defense 

DSA, Defense Supply Arency 

EAM, Electrical Accounting Machine 

EDP, Electronic Data Processing 

IBM, International Business Machines 

LOOSIM=WC, Logistics Simulation-wWholesale, Computer Assisted 

LORAN, Long Range Aid to Navigation 

MILSTAAD, MILitary STandard Activity Address Directory 

MILSTAMP, MILitary Standard Transportation and Movement 
Procedures 

MILSTRAP, MILAtary Standard Transaction, Reporting, and 
Aceounting Procedures 

MILSTRIP, MILitary STandard RequisitfLoning and Issuine 
Procedure 
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HAVCOSSACT, Naval Command Systems Support Activity 
NTDS, Navy Tactical Data Systen 

OR, Operations Research 

PERT, Program Evaluation Review Technique 

RAMAC, Random Access Method of Accounting and Control 
RPQ, Request for Quotation 

SAR, Search And Rescue 

SECNAV, Secretary of the Navy 

SHITS, Stock Number Identification Tabies 

STAGE, Simulation of Total Atomic Global Exchange 
TAC, Transportation Account Code 

TCHD, Transportation Control and Fovement Document 


UMIPS, Uniform Material Iseue Priority System 
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